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The Design patterns technology is a new research topic which aims at helping with 
communicating technical knowledge in a standard non-technical format.  People coming 
from different technical backgrounds can share this knowledge and apply it in their own 
way.  For example, pieces of designs could be the same for different applications but they 
get implemented using different programming languages. On the other hand, web 
applications are becoming more widely spread, especially e-commerce ones, which make 
light returns on investment and achieve good relations between the companies and the 
customers.  To stabilize this relationship, a web application must have a good design.   
The overall design of the web application is the key issue for keeping an ongoing 
business.  An Organization definitely loses the trust of customers if its web application 
goes down every now and then.  This research captures design patterns that help with 
optimizing performance in database-driven web applications. 
The research captures five design patterns which are concerned with performance 
optimization, application complexity and resource utilization monitoring.  The Database 
Connection Pool, Cache, and Static Enabler design patterns introduce direct optimization 
solutions.  The SQL Statement Template design pattern breaks down the complexity of 
constructing SQL statements in the application code by externalizing all the SQL 
statements.  The Logger design patterns monitors the resource utilization and delegates 
performance problems to a performance handler. A pattern language is also suggested in 
the research to give guidelines on the efficient use of these patterns.  The captured 
patterns handle typical recurring problems that are common to many applications.  Our 
test results show that performance is evidently optimized when these patterns are used. 
The research also introduces adjunct activities that should be performed in the 
design phase in order to achieve better utilization of the Cache, Logger, and SQL 
Statement Template patterns.  These activities normally result in artifacts which are 
provided to the development team in order to standardize the use of the patterns.  For 
example, the research suggests a cache and logging roadmaps to highlight the caching 
and logging points in the application in order to efficiently use the Cache and the Logger 
patterns, respectively.  The SQL Statement template pattern, on the other hand, suggests 
preparing the needed SQL statements at the design phase and collects them in an external 
storage to the application. 
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*/266$5<2)7(506
$QWLSDWWHUQ $QDQWLSDWWHUQ LVDSDWWHUQWKDW WHOOVRQHKRZWRJRIURPDSUREOHPWRDEDGVLWXDWLRQ7KHEDGVLWXDWLRQLVUHYHDOHGE\LWVVLGHHIIHFWVZKHUHWKHRULJLQDOSUREOHPLVVROYHGEXWXQVHHQRUXQDQWLFLSDWHGSUREOHPVDUHJHQHUDWHG>%:05@
$SSOLFDWLRQ6HUYHU ,WZRUNVPDLQO\DVDVFULSWHQJLQHWKDWLVUHVSRQVLEOHIRULQWHUSUHWLQJWKHORJLFZULWWHQLQVLGHWKHUHTXHVWHGSDJHV,WUHFHLYHVLWVUHTXHVWVIURPWKHZHEVHUYHU
&DFKH $Q DUHD RI VWRUDJH H[LVWLQJ EHKLQG WKH VFHQHV ZKLFK LV XVHG WR VWRUH FRSLHV RISUHYLRXVO\UHTXHVWHGREMHFWVWKDWFDQEHTXLFNO\DFFHVVHGZKHQQHHGHG
&DFKH 5RDGPDS  ,W LV DQ DFWLYLW\ ZKLFK LV GRQH LQ WKH GHVLJQ SKDVH ZKHUH DOO WKHFROODERUDWLRQGLDJUDPVDUHUHYLHZHGWRPDUNWKHFODVVPHWKRGVZKLFKZLOOGRFDFKLQJ
&DFKH5RDGPDS$UWLIDFW,W LVDGRFXPHQWGHOLYHUHGIURPWKHGHVLJQSKDVHWKDWFRQWDLQVDOOFODVVPHWKRGVWKDWZLOOGRFDFKLQJDQGYDOLGLW\SHULRGVSHFLILHGIRUHYHU\FDFKHSRLQW
'DWDEDVH &RQQHFWLRQ $ FRQQHFWLRQ LV D VHVVLRQ ZLWK D VSHFLILF GDWDEDVH ZKHUH 64/VWDWHPHQWVDUHH[HFXWHGDQGUHVXOWVDUHUHWXUQHGZLWKLQWKHFRQWH[WRIDFRQQHFWLRQ
'DWDEDVH &RQQHFWLRQ 3RRO  ,W LV D SRRO RI GDWDEDVH FRQQHFWLRQV WKDW H[LVWV LQ WKHDSSOLFDWLRQ PHPRU\ DQG VHUYHV DV D UHF\FOLQJ SODFH ZKHUH FRQQHFWLRQV DUH NHSW RSHQ'DWDEDVH&RQQHFWLRQVWKDWDUHQRORQJHUXVHGDUHUHWXUQHGWRWKHSRROIRUIXWXUHDFFHVV
'HVLJQ3DWWHUQ $SDWWHUQFRXOGEHGHILQHGDV WKHDEVWUDFWLRQIURPDFRQFUHWHIRUPZKLFKNHHSVUHFXUULQJLQVSHFLILFQRQDUELWUDU\FRQWH[WV>5'=+@
'HVLJQ 3DWWHUQ 7HPSODWH ,W LV D GRFXPHQWDWLRQ VWUXFWXUH IRU D GHVLJQ SDWWHUQ ZKHUH DGHVLJQSDWWHUQ·VFRQWH[WSUREOHPDQGVROXWLRQDUHGHILQHG
'\QDPLF:HE$SSOLFDWLRQ:KLFK LV WKH EXVLQHVV ORJLF WKDWZLOO GHFLGH RQ WKH W\SH DQGDPRXQWRILQIRUPDWLRQWKDWWKHXVHUZLOOUHFHLYH,WLVJHDUHGRYHUDZHEVHUYHUDQDSSOLFDWLRQVHUYHUDQGRWKHUOHJDF\V\VWHPVPD\EHFRQQHFWHGWRDVZHOO
)UDPHZRUN $VHWRIFRRSHUDWLQJFODVVHVWKDWPDNHXSDUHXVDEOHGHVLJQIRUDVSHFLILFFODVVRIVRIWZDUH>*(+5@
+773:HE 6HUYHU ,W LV D VHUYHU WKDW VHUYLFH ILOHV IRU LQWHUQHW EURZVHUV XVLQJ WKH+773SURWRFRO
/RDG7HVWLQJ ,WLVDPHFKDQLVPE\ZKLFKDYHU\KLJKORDGLVSXWRYHUDQDSSOLFDWLRQZLWKRXWH[FHHGLQJLWVPD[LPXPFDSDFLW\LQRUGHUWRWHVWWKHDSSOLFDWLRQEHKDYLRU
* Some of these terms are suggested within the scope of this research 
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/RJJHU  ,W LV D UHVRXUFHPRQLWRULQJ VROXWLRQV IRU WKH DSSOLFDWLRQE\ZKLFK LWV EHKDYLRU LVGHSLFWHGWKURXJKLWVOLIHWLPH
/RJ5RDGPDS,WLVDQDFWLYLW\ZKLFKLVGRQHLQWKHGHVLJQSKDVHZKHUHDOOWKHFROODERUDWLRQGLDJUDPVDUHUHYLHZHGWRPDUNWKHFODVVPHWKRGVZKLFKZLOOGRORJJLQJ
/RJ5RDGPDS$UWLIDFW,WLVDGRFXPHQWGHOLYHUHGIURPWKHGHVLJQSKDVHWKDWFRQWDLQVDOOFODVVPHWKRGVWKDWZLOOGRORJJLQJZKHUHWKHW\SHRILQIRUPDWLRQDQGPHVVDJHVDUHGHILQHG
3DWWHUQ/DQJXDJH $SDWWHUQODQJXDJHLVDFROOHFWLRQRISDWWHUQVWKDWJXLGHWKHGHYHORSHULQDFHUWDLQGRPDLQ FRQWH[W  ,W LV QRW MXVW D FDWDORJRISDWWHUQV LW LQFOXGHVGHVLJQGHFLVLRQV DQGGRPDLQVSHFLILFDGYLFHWRWKHGHYHORSHU>0%07@
5'%06 5HODWLRQDO'DWDEDVH0DQDJHPHQW6\VWHPWKDWNHHSVUHODWLRQDOGDWD
5HXVDELOLW\ 5HXVDELOLW\ LV D JHQHUDO ZRUG WKDW WDNHV DQ\WKLQJ EHQHILFLDO IRU ODWHU XVH$Q\WKLQJFRXOGEHUHXVHGDVORQJDVLWPHHWVFHUWDLQFRQGLWLRQVDQGPHDVXUHPHQWV
6WDWLF:HE$SSOLFDWLRQ :KLFKLVWKHEXVLQHVVORJLFWKDWZLOOGHFLGHRQWKHW\SHDQGDPRXQWRILQIRUPDWLRQWKDWWKHXVHUZLOOUHFHLYH,WLVJHDUHGRYHUDZHEVHUYHURQO\
6WDWLF(QDEOHU  ,W LV D VROXWLRQ E\ZKLFK G\QDPLFZHE DSSOLFDWLRQV FDQ EHQHILW IURP WKHVWDWLF SDJHV KLJK SHUIRUPDQFH ZLWKRXW VSRLOLQJ WKH UHODWLRQV DPRQJ WKH G\QDPLF SDJHV DQGWKHLUFRQWHQW
64/ 6WDWHPHQW 7HPSODWH  ,W LV D GHILQLWLRQ PHWKRG IRU 64/ VWDWHPHQWV WKDW DUH XVHGLQVLGHDQDSSOLFDWLRQE\ZKLFK64/VWDWHPHQWVDUHH[WHUQDOL]HGRXWVLGHWKHDSSOLFDWLRQFRGH
64/6WDWHPHQW7HPSODWH$UWLIDFW ,W LVGRFXPHQWGHOLYHUHG IURP WKHGHVLJQSKDVH WKDWFRQWDLQVDOOWKHSRVVLEOH64/VWDWHPHQWWHPSODWHVZKLFKFDQEHXVHGLQWKHDSSOLFDWLRQ

* Some of these terms are suggested within the scope of this research 
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LQ OLIH KH SDVVHG LW RQ WR RWKHUV LQ RUGHU WR EHQHILW IURP LW ([SHULHQFH KRZHYHU
YDULHV IURP RQH SHUVRQ WR DQRWKHU HYHU\RQH VHHV KLVKHU RZQ H[SHULHQFH DV WKH
EHVW  $V WLPH SURJUHVVHV QHZ SUREOHPV HPHUJH DQG SHRSOH EXLOG XS QHZ
H[SHULHQFH$VSHRSOHVKDUHLGHDVDQGH[SHULHQFHZLWKHDFKRWKHUWKH\DUULYHDWWKH
HQGDWZKDWLVFDOOHGWKHEHVWSUDFWLFH,QRWKHUZRUGVWKHEHVWSUDFWLFHLVWKHEHVW
VROXWLRQV IRU FHUWDLQ SUREOHPV LQ FHUWDLQ FRQWH[WV  3UREOHPV PD\ VKRZ XS LQ
UHFXUULQJVLWXDWLRQV7KXVDVVRRQDVDSUREOHPDSSHDUVSHRSOHWHQGWRVHDUFKIRU
SUHYLRXVVROXWLRQV WKDWKDYHEHHQ WULHGDQGSURYHQWREHWKHEHVW 7KLV LVZKDW LV
FDOOHGSDWWHUQV$SDWWHUQFRXOGEHGHILQHGDVWKHDEVWUDFWLRQIURPDFRQFUHWHIRUP
ZKLFKNHHSVUHFXUULQJLQVSHFLILFQRQDUELWUDU\FRQWH[WV>5'=+@
$ 6ROXWLRQ LV LPSRUWDQW EXW GHVLJQLQJ D YHU\ JRRG VROXWLRQ LV PXFK PRUH
LPSRUWDQW 3HRSOH IRUVXUHJDLQH[SHULHQFH IURPDVROXWLRQEXWWKH\ZLOO UDUHO\EH
DEOH WRHQKDQFH WKLV VROXWLRQZLWKRXWNQRZLQJKRZ LWZDVRULJLQDOO\GHVLJQHG 1RW
MXVWNQRZLQJWKHGHVLJQRIWKHVROXWLRQEXWWUDFLQJLWEDFNWRLWVRULJLQV7KLVJUHDWO\
KHOSV LQ FODULI\LQJ WKH SLFWXUH DQG PD\ OHDG WR GLVFRYHULQJ QHZ VROXWLRQV LQ
FRPSOHWHO\ GLIIHUHQW WUDFNV  ,W GRHV QRW PHDQ WKDW RQH KDV WR DOZD\V JR WR WKH
SULPLWLYH VROXWLRQV LQ RUGHU WR HQKDQFH DQ H[LVWLQJ RQH  6RPHWLPHV WKHUH DUH
VROXWLRQVWKDWSURYHWREHWKHEHVWLQWKHLURZQGRPDLQV7KHVHVROXWLRQVKDYHEHHQ
WULHGPDQ\WLPHVDQGWKHUHPD\EHQRQHHGIRUWUDFLQJWKHPEDFNWRWKHLURULJLQV
:KDW LV DQG LVQ¶W D SDWWHUQ GLIIHUV IURP RQH SHUVRQ WR DQRWKHU DFFRUGLQJ WR
KLVKHU SRLQW RI YLHZ  $ SDWWHUQ IRU RQH SHUVRQ FRXOG UHSUHVHQW DQRWKHU SHUVRQ¶V
SULPLWLYHEXLOGLQJEORFN>*(+5@([SHULHQFHDQGFRQWH[WDUHWKHNH\IDFWRUVWKDW
GHWHUPLQHWKLVSRLQWRIYLHZ)RUH[DPSOHGHYHORSHUVWKDWXVHDVVHPEO\ODQJXDJH
PD\ GHDO ZLWK UHJLVWHUV WR GR VWULQJ PDQLSXODWLRQV DQG EXLOG WKHLU RZQ OLEUDULHV
7KHVH OLEUDULHVPLJKWKDYHKHOSHGDWRQHSRLQW LQ WLPH WREH WKHSULPLWLYHEXLOGLQJ
EORFNVIRUDSURJUDPPLQJODQJXDJHOLNH&&'HYHORSHUVPD\GHVLJQSDWWHUQVRYHU
WKHVHEXLOGLQJEORFNVZKLFKDUHREYLRXVO\SULPLWLYH LQ WKH ODQJXDJH$&GHYHORSHU
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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PD\ ZDQW WR GHVLJQ FHUWDLQ SDWWHUQV OLNH LQKHULWDQFH HQFDSVXODWLRQ RU
SRO\PRUSKLVP7KHVHDUHWRWDOO\QHZSDWWHUQVIRUDODQJXDJHOLNH&+RZHYHUWKH\
DUH QDWLYH WR DQRWKHU ODQJXDJH OLNH -DYD  +HQFH VHOHFWLQJ D SDWWHUQ DQG
LPSOHPHQWDWLRQWRROLVUHDOO\LPSRUWDQWWRVKRZWKHSRLQWRIYLHZ>*(+5@
7KH PDUNHW QHHGV IRU VRIWZDUH KDYH EHHQ UDSLGO\ FKDQJLQJ  6RIWZDUH
GHYHORSPHQWPXVWFRSHZLWKWKHVHYHU\ IDVWFKDQJHVDVZHOO2QHFDQQRWVWDUW WKH
GHYHORSPHQWF\FOHHYHU\WLPHIURPWKHEHJLQQLQJDQGEXLOGHYHU\WKLQJIURPVFUDWFK
'HYHORSHUV PXVW DOZD\V WKLQN RI UHXVDELOLW\ ZKHQHYHU SRVVLEOH  'HVLJQ SDWWHUQV
WHFKQRORJ\LVDSURPLVLQJDQGHIILFLHQWZD\WRDSSO\UHXVHDQGWRKHOSGHYHORSHUVLQ
WKHLU ZRUN  ,W FRQYH\V WKH NQRZOHGJH LQ D KLJK OHYHO ODQJXDJH ZKLFK PDNHV WKH
XQGHUVWDQGLQJ SURFHVV YHU\ HDV\  +RZHYHU WKLV WHFKQRORJ\ LV VWLOO ODFNLQJ  ,W LV
DOZD\V WKH SUREOHP RI WKH GHYHORSHUV ZKR GR QRW GRFXPHQW WKHLU H[SHULHQFH D
SURFHVVWKDWPXVWEHVKDSHGLQDQRUJDQL]HGZD\ZKHQHYHUSRVVLEOH
'HVLJQ 3DWWHUQV SUHVHQW DQ LQWHUHVWLQJ UHVHDUFK ILHOG WKDW DLPV WR KHOS LQ
FRPPXQLFDWLQJWHFKQLFDONQRZOHGJHLQDVWDQGDUGQRQWHFKQLFDOIRUPDW3HRSOHIURP
GLIIHUHQW WHFKQLFDOEDFNJURXQGVFDQVKDUH WKLVNQRZOHGJHDQGDSSO\ LW LQ WKHLURZQ
ZD\  )RU H[DPSOH SLHFHV RI D GHVLJQ FRXOG EH XVHG LQ GLIIHUHQW DSSOLFDWLRQV DQG
LPSOHPHQWHGXVLQJGLIIHUHQWSURJUDPPLQJODQJXDJHV
2Q WKH RWKHU KDQG ZHE DSSOLFDWLRQV DUH QRZ EHFRPLQJPRUHZLGHO\ VSUHDG
HVSHFLDOO\ HFRPPHUFH RQHV ZKLFK DFKLHYH D KLJK UHWXUQV RQ LQYHVWPHQW DQG
HVWDEOLVKJRRG UHODWLRQVEHWZHHQ WKH FRPSDQLHVDQG WKHLU FXVWRPHUV 7RPDLQWDLQ
WKLVUHODWLRQVKLSDZHEDSSOLFDWLRQPXVWKDYHDJRRGGHVLJQ7KHRYHUDOOGHVLJQRI
WKH ZHE DSSOLFDWLRQ LV WKH NH\ZRUG IRU NHHSLQJ DQ RQJRLQJ EXVLQHVV  $Q
2UJDQL]DWLRQ GHILQLWHO\ ORVHV WKH WUXVW RI LWV FXVWRPHUV LI LWV ZHE DSSOLFDWLRQ JRHV
GRZQHYHU\QRZDQGWKHQ
:HEWHFKQRORJ\LVDIDVWJURZLQJILHOGWKDWDODUJHQXPEHURIRUJDQL]DWLRQVDUH
WU\LQJ WRDGRSW+RZHYHU WKHVHFRPSDQLHVPD\PDNHD ORWRI LQYHVWPHQWVZLWKRXW
JHWWLQJ WKH H[SHFWHG UHYHQXH  7KLV FRXOG EH EHFDXVH RI PDQ\ WHFKQLFDO RU QRQ
WHFKQLFDO IDFWRUV  $ ZHE DSSOLFDWLRQ LV OLNH DQ\ RWKHU DSSOLFDWLRQ WKDW KDV WR EH
FRYHUHGIURPDOODVSHFWVHVSHFLDOO\ IURPWKHGHYHORSPHQWDQGPDLQWHQDQFHDVSHFWV
ZKLFKDUHWKHPDLQVXFFHVVIDFWRUV7KHSURGXFWVRIWKHGHYHORSPHQWOLIHF\FOHVDUH
FKHFNHG DJDLQVW EDVLF IDFWRUV OLNH UHXVDELOLW\ UHOLDELOLW\ DQG FRPSOH[LW\  'HVLJQ
SDWWHUQV FDQ EH XVHG WR WDFNOH VXFK DVSHFWV  7KHPDLQ VXFFHVV IDFWRU IRU D ZHE
DSSOLFDWLRQ LV UHOLDELOLW\  5HOLDELOLW\ LV WKH RQH IHDWXUH WKDW EXLOGV WUXVW IRU WKH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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FXVWRPHUVZKRYLVLWDQHEXVLQHVVZHEVLWH:LWKRXWWUXVWEXVLQHVVFDQQRWFRQWLQXH
1.2 Motivation for the Research 
7KH'HVLJQSDWWHUQVWHFKQRORJ\LVDYHU\SURPLVLQJDUHDZKLFKVWDUWHGWRJDLQ
DWWHQWLRQVLQFH7KHSULPDU\PRWLYDWLRQIRUWKLVUHVHDUFKLVSURSHUNQRZOHGJH
WUDQVIHUZKLFK LVDFRPPRQSUREOHPIDFLQJPDQ\GHYHORSHUV 7KHDLP LV WRVKRZ
WKH LPSRUWDQFH RI GRFXPHQWLQJ VRIWZDUH LQ D KLJKOHYHO ODQJXDJH OLNH GHVLJQ
SDWWHUQV'HYHORSHUVDUHXVHGWRWUDQVIHUULQJNQRZOHGJHYHUEDOO\PRVWRIWKHWLPH
7KH\ GR QRW FDUH VR PXFK DERXW GRFXPHQWLQJ WKLV NQRZOHGJH LQ D SURIHVVLRQDO
PDQQHU
'RFXPHQWDWLRQ LVFRQVLGHUHGPRVWRI WKHWLPHD OX[XU\WDVNWKDWQHHGQRWEH
GRQHDWDOO,WLVQRWLPSRVVLEOHWRVHHDQDSSOLFDWLRQZKHUHWKHRQO\UHOLDEOHVRXUFH
RI LQIRUPDWLRQ LV LWV VRXUFH FRGH >3$)-@  7KH YHUEDO NQRZOHGJH WUDQVIHUSURFHVV
KDVPDMRUGUDZEDFNVDOWKRXJKLWLVDQHDV\DQGTXLFNSURFHVVIRUWKHGHYHORSHUV









 'HYHORSHUV GR QRWZRUN LQ SURMHFWV SHUPDQHQWO\ ZKLFK LV WKH QDWXUH RI
VRIWZDUH GHYHORSPHQW SURMHFWV LQ ODUJH FRPSDQLHV 9HUEDO NQRZOHGJH
WUDQVIHU FDQ FRQWLQXH ZLWK HYHU\ QHZ GHYHORSHU  7KLV PHDQV WKDW LI
NQRZOHGJH LV QRW GRFXPHQWHG H[WUD ZRUN PXVW EH GRQH WR JDLQ WKLV
NQRZOHGJH IURP WKHRZQHUV:KDW FDQEHZRUVH LV WKDWNQRZOHGJHPD\
EHFRPSOHWHO\ORVWLIWKHRZQHUGHYHORSHUGLVDSSHDUHGIRUDQ\UHDVRQ
7KH VHFRQGPRWLYDWLRQ IRU WKLV UHVHDUFK LV WR UDLVHDZDUHQHVVRI WKH VHQVHRI
SHUIRUPDQFHIRUWKHGHYHORSHUVUHJDUGLQJVRIWZDUHLQJHQHUDODQGZHEDSSOLFDWLRQVLQ
SDUWLFXODU  ,W ZDV IRXQG DOVR WKDW WKHUH LV D ODFN LQ WKLV UHVHDUFK WRSLFZLWKLQ WKH
VRIWZDUHFRPPXQLW\ :HKRSHWKDWWKLVUHVHDUFKDGGVVRPHYDOXHIRUWKHUHDGHUV
7KHUH LV D EDG SUDFWLFH WKDWPDQ\ GHYHORSHUV VHHP WR DGRSWZKLFK LV GHYHORS WR
DFKLHYH WKH IXQFWLRQDO UHTXLUHPHQWV DQG WUHDW WKH QRQIXQFWLRQDO RQHV RQ WRS RI
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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ZKLFK LV SHUIRUPDQFH ZLWK ORZHU SULRULW\ 3HUIRUPDQFH SUREOHPV FDQ VWLOO DSSHDU
HYHQ LI WKH SURGXFW SDVVHV WKH 8VHU $FFHSWDQFH 7HVW DQG DIWHU WKH ODXQFK RI WKH
SURGXFW $W VXFK D WLPH WKH FRVW RI SUREOHP IL[LQJ PLJKW EH UHDOO\ KLJK RQ WKH
EXVLQHVV VLGH  ,W LV LPSRUWDQW WR KLJKOLJKW WKH SHUIRUPDQFH SUREOHPV LQ WKH HDUO\
VWDJHVRIWKHGHYHORSPHQWF\FOHDQGWRWU\WRDQDO\]HWKHPWRDYRLGIXWXUHSUREOHPV
ZKLFK FDQ EH GLIILFXOW WR WUDFH  7KLV HDUO\ UHFRYHU\ DSSURDFK IRU SHUIRUPDQFH
SUREOHPVFDQVDYHDORWRIWLPHDQGPRQH\
1.3 The Addressed Problem 
:HEDSSOLFDWLRQVDUHXVHGQRZDGD\VLQDOPRVWDOOILHOGV7KHUHDUHFRPSDQLHV




DOO ZHE DSSOLFDWLRQV SUREOHPV LV SHUIRUPDQFH 8VDELOLW\ LV LQGHHG WKH IDFWRU WKDW
JXDUDQWHHV FXVWRPHUV¶ WUXVW  $ XVDEOH ZHE DSSOLFDWLRQ ZLOO OHDG WR LQFUHDVHG
FXVWRPHUYLVLWVZKLFKLQWXUQWUDQVODWHVLQWRLQFUHDVHGUHYHQXH
$ SHUIRUPDQFHSUREOHPFRPHVPRVWO\IURPWKHVHUYHUVLGHDSSOLFDWLRQDVZLOO
EH H[SODLQHG LQ WKHZHEDSSOLFDWLRQ FKDSWHUEHFDXVH WKH VHUYHUVLGHDSSOLFDWLRQ LV
WKH YDULDQW IDFWRU LQ WKHZHE DSSOLFDWLRQ  6LQFH LW LV YDULDQW VRPH VRUW RI FRQWURO
PXVW EH LPSRVHG RYHU LW  6XFK D FRQWURO VWDUWV IURP WKH EHJLQQLQJ RI WKH
GHYHORSPHQW OLIH F\FOHZKHUH GHVLJQ GHFLVLRQV WDNHQ IRU SHUIRUPDQFHSUREOHPVDUH
KDQGOHGLQWKHHDUO\VWDJHV3HUIRUPDQFHSUREOHPVFDQQRWLFHDEO\GHFUHDVHLIWKHUH
LV D SDWWHUQ ODQJXDJH RU D IUDPHZRUN FRQWUROOLQJ WKHP VWDUWLQJ DW OHDVW IURP WKH
GHVLJQSKDVH
0RVWUHVHDUFKFRQWULEXWLRQVFRQFHUQHGZLWKSHUIRUPDQFHLVVXHVDUHIRFXVHGRQ
WXQLQJ WKH UHDG\PDGH DSSOLFDWLRQV OLNH D ZHE VHUYHU 5'%06 RU DQ DSSOLFDWLRQ
VHUYHU  2WKHU FRQWULEXWLRQV DUH PRVWO\ IRFXVHG RQ VXJJHVWLQJ JXLGHOLQHV IRU
SURJUDPPLQJ ODQJXDJHV OLNH -DYD DQG &  $OO WKHVH DUHDV DUH YHU\ LPSRUWDQW
ZLWKRXWGRXEW+RZHYHUWKHUHFRXOGDOZD\VEHURRPIRUSHUIRUPDQFHJXLGHOLQHVRQ
WKH DQDO\VLV DQG GHVLJQ OHYHOV LQ RUGHU WR VDYH WLPH DQG HIIRUW DQG WKH XVH RI D
SDWWHUQ ODQJXDJH WKDW SODFHVSHUIRUPDQFH LQ WKH ILUVW SODFHZRXOG FHUWDLQO\ KHOS LQ
WKDW UHVSHFW 7KH SDWWHUQ ODQJXDJH PD\ LPSRVH D FHUWDLQ VWUDWHJ\ WR WDFNOH WKH
PDMRU SUREOHPV LQ WKH ZHE DSSOLFDWLRQV EXW LW FDQ EH WKH EDVH IRU D KLJKHUOHYHO
1 $SSHQGL[% VKRZVVDPSOHFRQILJXUDWLRQKLQWVIRUDSDFKHZHEVHUYHUV 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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SDWWHUQODQJXDJHWKDWFRYHUVSHUIRUPDQFHDVSHFWVIURPWKHDSSOLFDWLRQSRLQWRIYLHZ
HJDSSOLFDWLRQGDWDEDVHZHEVHUYHUQHWZRUNDQGVRRQ
1.4 Outcomes and Contributions 
7KHPDLQRXWFRPHVRIWKLVUHVHDUFKDUHWKHSHUIRUPDQFHUHODWHGSDWWHUQVDQG
WKHSHUIRUPDQFHSDWWHUQ ODQJXDJH 7KHDLPRI WKH UHVHDUFK LV WR FDSWXUHSDWWHUQV
WKDW KHOS LQ RSWLPL]LQJ WKH SHUIRUPDQFH IRU GDWDEDVHGULYHQ ZHE DSSOLFDWLRQV
+RZHYHU VRPHRI WKHSDWWHUQV OLNH WKH FDFKHDQG WKH ORJJHU FDQEHH[WHQGHG WR
JLYHDZLGHUVROXWLRQIRURWKHUDSSOLFDWLRQV
0RUHRYHU WKH GRFXPHQWDWLRQ RI WKHVH SDWWHUQV LV FRQVLGHUHG D YDOXDEOH
RXWFRPHZKLFKFDQEHDGGHGWRDQH[LVWLQJOLEUDU\RISDWWHUQV$OVRLWLVKRSHGWKDW
HYHU\UHDGHUZRXOGEHFRQYLQFHGDIWHUUHDGLQJWKLVUHVHDUFKWKDWSHUIRUPDQFHLVDQ
LQWHJUDO IDFWRU IRUDQ\DSSOLFDWLRQVXFFHVVZKLFKPXVWQRWEHRYHUORRNHG  ,QRWKHU




EHQHILWV RI WKH SDWWHUQV VRPH H[WUD DFWLYLWLHV PXVW EH FRQGXFWHG RQ WKH GHVLJQ
SKDVH  ,I WKHVH DFWLYLWLHV ZHUH QRW SHUIRUPHG WKH SDWWHUQV ZRXOG EH OHIW IRU
LQGLYLGXDOGHFLVLRQVZKLFKOHDGWRGLYHUVLILHGLPSOHPHQWDWLRQV)RUH[DPSOHWKH64/
WHPSODWHVVKRZQLQVHFWLRQVKRXOGEHJHQHUDWHGLQWKHGHVLJQSKDVHE\WKHVDPH
WHDP WKDW GHVLJQHG WKH GDWDEDVH VWUXFWXUH RWKHUZLVH LQGLYLGXDO GHYHORSHUV ZRXOG
KDYHGLIIHUHQW DSSURDFKHV IRU FRQVWUXFWLQJ WKHP $OVRD VHSDUDWH LWHUDWLRQ VKRXOG
EHFRQGXFWHGLQWKHGHVLJQSKDVHWRPDUNWKHORJJLQJDQGWKHFDFKLQJSRLQWVLQWKH
FROODERUDWLRQGLDJUDPVDVVKRZQLQVHFWLRQVDQG
7KH UHVHDUFK VXJJHVWV VRPH PHDVXUHPHQW PHWULFV DOVR IRU HYDOXDWLQJ WKH
UHOLDELOLW\ RI WKH SDWWHUQV  7KHVHPHDVXUHPHQWPHWULFV SUHVHQWHG LQ VHFWLRQ 
DUHDVWDUWSRLQWIRUEXLOGLQJDVWDQGDUGHYDOXDWLRQPHWKRGRORJ\IRUGHVLJQSDWWHUQV
7KHPHDVXUHPHQWPDWULFHV VKRXOGEHXVHIXO IRUERWK WKHDXWKRUDQG WKHDXGLHQFH
7KHDXWKRUKDVWRUHYLHZKLVKHUSDWWHUQVEDVLFDOO\DJDLQVW WKHVHPHWULFVWRHQVXUH
WKDW WKH SDWWHUQV DUH FRYHUHG FRPSOHWHO\  7KH DXGLHQFH VKRXOG EH DEOH WR UHYLHZ
PRUHWKDQRQHVLPLODUSDWWHUQDQGFKRRVHIURPDPRQJWKHPWKHRQHWKDWPHHWVWKH
PHDVXUHPHQW PHWULFV HVSHFLDOO\ LI WKH\ ZLOO LPSOHPHQW LW  ,Q RWKHU ZRUGV WKH
DXGLHQFH VKRXOG FRPELQH KLVKHU FRPPRQ VHQVH RI WKH SDWWHUQV VHOHFWLRQ SURFHVV
ZLWKVXFKPHDVXUHPHQWPHWULFVWRFRPHXSZLWKWKHEHVW
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 2XUFRQWULEXWLRQVLQWKHDUHDRIGHVLJQSDWWHUQVPD\EHVXPPDUL]HGDVIROORZV
 7KHUHVHDUFKKDVFRPHXSZLWKDQHZYDULDWLRQRIWKHGDWDEDVHFRQQHFWLRQ




WR LQVHUW FDFKLQJ SRLQWV DFURVV WKH ZKROH DSSOLFDWLRQ  7KH SDWWHUQ LV
SUHVHQWHGLQVHFWLRQ
 7KH6WDWLF(QDEOHUSDWWHUQLVDQHZGHVLJQSDWWHUQ,WSUHVHQWVDVROXWLRQWR
VSHHG XS WKH G\QDPLF ZHE DSSOLFDWLRQV E\ FRQYHUWLQJ G\QDPLF SDJHV WR
VWDWLFRQHV7KHSDWWHUQLVSUHVHQWHGLQVHFWLRQ
 7KH64/WHPSODWHLVQHZLQLWVDSSURDFKDOWKRXJKWKHH[WHUQDOL]DWLRQLGHD
ZKLFK LV SUHVHQWHG LQ WKH SDWWHUQ LV QRW QHZ IRU PDQ\ GHYHORSHUV  ,W
SUHVHQWVDVLPSOHDQGHDV\64/VWDWHPHQW WHPSODWHVWUXFWXUHWKDWFDQEH
OLQNHGWRWKHDSSOLFDWLRQGLUHFWO\7KH64/WHPSODWHLVJHQHUDWHGIURPWKH
GHVLJQSKDVH LQ WKH ILQDO IRUPDW WREH OLQNHGZLWK WKHDSSOLFDWLRQGLUHFWO\
7KHSDWWHUQLVSUHVHQWHGLQVHFWLRQ
 7KH ORJJHU SDWWHUQ LQWURGXFHV D SHUIRUPDQFH KDQGOHU E\ ZKLFK SUREOHPV
FDQ EH DQDO\]HG  ,W LV FRPELQHG DOVR ZLWK D ORJJLQJ URDG PDS WKDW LV
JHQHUDWHGIURPWKHGHVLJQSKDVHWRVWDQGDUGL]HWKHORJJLQJIRUPDWDQGWKH
PHVVDJHV7KHSDWWHUQLVSUHVHQWHGLQ
1.5 The Solution Approach 
$VPHQWLRQHGHDUOLHUGHVLJQSDWWHUQVFRPHZLWKH[SHULHQFH$GHVLJQSDWWHUQ
FDQQRW MXVW FRPHE\ WKLQNLQJDERXW LW HYHQ LI LWSURYLGHVDQ LQQRYDWLYH VROXWLRQ ,W
KDVWREHDSSOLHGDQGXVHGLQPRUHWKDQRQHSURMHFWDQGSURYHQWREHVXFFHVVIXOLQ
WKHLUFRQWH[W+RZHYHUWRIXUWKHUSURYHWKHFRQFHSWWKHVXJJHVWHGGHVLJQSDWWHUQV
KDYH WR EH LPSOHPHQWHG DQG WHVWHG  (YHU\ GHVLJQ SDWWHUQPXVW EH LPSOHPHQWHG
TXDOLW\DVVXUHG WHVWHGDQGGRFXPHQWHG%\GRFXPHQWLQJWKHSDWWHUQODQJXDJHD
WHVWHQYLURQPHQWDVGHVFULEHGLQ$SSHQGL['KDGWREHVHWXSDQGDQLQFUHPHQWDO
WHVWLQJ DSSURDFK ZDV FRQGXFWHG RQ WKH ILQDO SDWWHUQ ODQJXDJH  6WDWLVWLFV ZHUH
JDWKHUHG GXULQJ WKH WHVWLQJ SURFHVV WR SURYH WKH UHOLDELOLW\ RI WKH SHUIRUPDQFH
RSWLPL]DWLRQ SDWWHUQV 'DWDEDVH &RQQHFWLRQ 3RRO &DFKH DQG 6WDWLF (QDEOHU DV
H[SODLQHGLQVHFWLRQ,WZDVLPSRUWDQWWRXVHDQWLSDWWHUQVWRVKRZKRZJRRG
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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WKHVXJJHVWHGGHVLJQSDWWHUQVDUH  )LJXUH VKRZV WKH IROORZHGVROXWLRQDSSURDFK
SODQ
)LJXUH6ROXWLRQ$SSURDFK
1.5.1  Design Patterns Quality Validation 
6RPH NLQG RI TXDOLW\ PHWULF KDG WR EH DSSOLHG RQ HYHU\ GHVLJQ SDWWHUQ WR
YDOLGDWHLWVTXDOLW\7KLVZDVYHU\XVHIXOVLQFHLWJDYHDQLQGLFDWLRQRIKRZJRRGRU
EDG WKH VXJJHVWHG GHVLJQ LV  7KHUH DUH PHWULFV DYDLODEOH IRU HYHU\ SKDVH RI WKH
GHYHORSPHQWF\FOH+RZHYHUZHZHUH LQWHUHVWHGPDLQO\ LQDSSO\LQJPHWULFVRQWKH
GHVLJQSKDVH7KLVZDVQHFHVVDU\VLQFHVRPHRIWKHGHVLJQSDWWHUQVZHUHQRWGLUHFWO\
WHVWHG DJDLQVW SHUIRUPDQFH  )RU H[DPSOH WKH /RJJHU DQG WKH 64/ 6WDWHPHQW




x (QFDSVXODWLRQ DQG $EVWUDFWLRQ >/'@ (DFK SDWWHUQ PXVW GHVFULEH D ZHOO
GHILQHGSUREOHP DQG LWV VROXWLRQ LQ D FHUWDLQ FRQWH[W  ,W DEVWUDFWV DOVR WKH
GRPDLQNQRZOHGJHDQGH[SHULHQFH
,WHUDWLYH7HVWLQJ$SSURDFK




3DWWHUQ $SSO\4$PHDVXUHV 7HVWWKH3DWWHUQ 'RFXPHQW3DWWHUQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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x 2SHQQHVVDQG9DULDELOLW\>/'@(DFKSDWWHUQVKRXOGEHRSHQIRUH[WHQVLRQ
RU HQKDQFHPHQW  ,W VKRXOG EH UHFRJQL]HG DOVR LQ D YDULDQW QXPEHU RI
LPSOHPHQWDWLRQVUHJDUGOHVVRIWKHSURJUDPPLQJODQJXDJHRUWKHSODWIRUPXVHG 
x (TXLOLEULXP >/'@(DFK SDWWHUQ VKRXOG VKRZ VRPH VRUW RI EDODQFH EHWZHHQ






(QFDSVXODWLRQ x 'RHV WKHGHVLJQSDWWHUQKDYHD FOHDU LQWHUIDFH WKDW GRHVQRW
H[SRVHSULYDWHLQIRUPDWLRQ"
x 'RHVWKHGHVLJQSDWWHUQLQFOXGHRQO\WKHQHHGHGFODVVHV"
x +RZ ZLOO WKH GHVLJQ SDWWHUQ LQWHUIDFH EH DIIHFWHG LI
LPSOHPHQWDWLRQLVFKDQJHG"
$EVWUDFWLRQ x :LOO WKH GHVLJQ SDWWHUQ ZRUN HOHJDQWO\ LI SXW LQ D VLPLODU
FRQWH[W"












1.5.2 Pattern Template 
3DWWHUQ GRFXPHQWDWLRQ VWDUWV DIWHU SDWWHUQ WHVWLQJ WR FDSWXUH WKH GHVLJQ
SDWWHUQ'RFXPHQWLQJDGHVLJQSDWWHUQLVWKHILUVWVWHSWREXLOGDSDWWHUQODQJXDJH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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
1.5.3 Testing 
,Q RUGHU WR JLYH D FOHDU SLFWXUH RI WKH SDWWHUQ EHKDYLRU LPSOHPHQWDWLRQ LV
SURYLGHGWRIDFLOLWDWHWKHWHVWLQJSURFHVV(YHU\GHVLJQSDWWHUQKDVJRQHWKURXJKD
WHVWLQJ SURFHVV LQ ZKLFK LWV EHKDYLRU ZDV YHULILHG  7KH ZKROH GHVLJQ SDWWHUQZDV
WKHQ SDVVHG LQWR ZKDW ZH FDQ FDOO D SDWWHUQWHVWLQJ SKDVH  ,W LV OLNH FRPSRQHQW
WHVWLQJEXWQRWVWULFWO\WKHVDPHDVWKHFRPSRQHQWKDVGHILQLWHDQGFOHDUXVDJHDQG
LV WUHDWHGDVDEODFNER[ +RZHYHUDGHVLJQSDWWHUQ LVDZKLWHER[ WKDWQHHGV WR
ZRUNLQDFHUWDLQFRQWH[WDQGSRVVLEO\ZLWKWKHKHOSRIRWKHUSDWWHUQV
$Q LQFUHPHQWDO WHVWLQJ DSSURDFK IRU ORDG WHVWLQJ ZDV FRQGXFWHG LQ WKLV
UHVHDUFK  7KH &RQQHFWLRQ 3RRO WKH &DFKH DQG WKH 6WDWLF (QDEOHU SDWWHUQV ZHUH
LQWURGXFHG RQH E\ RQH DQGPHDVXUHPHQWV UHFRUGHG 7KH ZHE DSSOLFDWLRQ ZDV UXQ
XQGHUDVLPXOWDQHRXV ORDGRIYLUWXDOXVHUV IRUDFHUWDLQSHULRGRIWLPH7KHYLUWXDO
XVHUV DUH WKH QXPEHU RI FRQQHFWLRQV RSHQHG WR WKH ZHE DSSOLFDWLRQ  'XULQJ WKH
WHVWLQJSHULRGPHDVXUHPHQWYDOXHVZHUHWDNHQ
,W LV LPSRUWDQW WRFODULI\KHUH WKDW WKH ORDG WHVWLQJFRQGXFWHG LQ WKLVUHVHDUFK
ZDV WR SURYH WKDW ZHE DSSOLFDWLRQV WKDW LPSOHPHQW SHUIRUPDQFH RSWLPL]DWLRQ
WHFKQLTXHV DFKLHYH EHWWHU SHUIRUPDQFH  7KHDLP LV WR LQWURGXFH WR WKHGHYHORSHUV
VROXWLRQV WKDW FDQ KHOS KLPKHU LQ KLVKHU ZRUN  +HQFH LPSOHPHQWDWLRQ RI WKH
VROXWLRQV LVQRW LPSRUWDQW IURP WKH WHVWLQJSRLQWRIYLHZDV LW FRXOGYDU\ IURPRQH
SHUVRQWRDQRWKHU
7KHPDLQPHDVXUHPHQWIDFWRUVWKDWZHUHUHFRUGHGDUH
 /DWHQF\  WKHPLQLPXP WLPH UHTXLUHG WRJHW DQ\ IRUPRI UHVSRQVHHYHQ LI
WKHZRUNWREHGRQHLVQRQH[LVWHQW






WHVWLQJ 7KH\ZLOOEHVHW WRYHU\KLJKYDOXHVVRDVQRW WRDIIHFW WKH WHVWLQJ
UHVXOWV
 6HUYHU 0HPRU\ 8WLOL]DWLRQ GHVLJQ SDWWHUQV OLNH WKH &DFKH 'DWDEDVH
&RQQHFWLRQ 3RRO DQG 6WDWLF (QDEOHU KDYH D GLUHFW LPSDFW RQ WKH PHPRU\
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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XVDJH  7KLV LPSDFW PXVW EH FKHFNHG DQG UHSRUWHG FOHDUO\ RQ WKH SDWWHUQ
ODQJXDJHGRFXPHQWDWLRQDVWKHWUDGHRIIVRIWKHGHVLJQSDWWHUQ
6. 6HUYHU&388WLOL]DWLRQLQGLFDWHVKRZWKHVHUYHUFDQEHEXV\VHUYLQJFOLHQWV
DFFRUGLQJ WRVHUYHU ORDG  ,W LVDVVXPHGWKDWWKHPDFKLQH LV LGHDOO\XVHGE\
RQO\WKHZHEVHUYLFHV 
 6HUYHU,2:DLWLQJ7KHDYHUDJH,2ZDLWLQJRQWKHVHUYHUPDFKLQH
1.6 The Suggested Patterns 
$OO WKH VXJJHVWHG SDWWHUQV FDQ VROYH SUREOHPV WKDW PD\ RFFXU GXULQJ WKH
GHYHORSPHQW SKDVH RI D ODUJH QXPEHU RI WKH GDWDEDVHGULYHQ ZHE DSSOLFDWLRQV
GHYHORSPHQW  7KH\ DGKHUH WKH PRVW FULWLFDO SHUIRUPDQFH SUREOHPV WKDW IDFH
GHYHORSHUV  7KH\ DUH EULHIO\ GHVFULEHG EHORZ EXW WKHLU GHWDLOHG GHVLJQV DUH
SUHVHQWHGLQ&KDSWHU
1.6.1 Database Connection Pool 
,WLVWKHFRQFHSWRIPDLQWDLQLQJHVWDEOLVKHGFRQQHFWLRQVEHWZHHQWKHDSSOLFDWLRQ
DQG WKH GDWDEDVH VR WKDW QR GHOD\ WLPH LV VXIIHUHG ZKHQ DFFHVVLQJ WKH GDWDEDVH
HYHU\ WLPH LQIRUPDWLRQ LV UHWULHYHG  'DWDEDVH FRQQHFWLRQ LV D YHU\ GHPDQGLQJ
DFWLYLW\ VLQFH LW KDV WR DOORFDWH UHVRXUFHV OLNHPHPRU\ FRPPXQLFDWLRQ DQGDXVHU
VHFXULW\FRQWH[W,WLVYHU\FRPPRQWRVHHGDWDEDVHFRQQHFWLRQVWKDWWDNHXSWRWZR
VHFRQGV>%+@
'DWDEDVH GULYHQ ZHE DSSOLFDWLRQV FDQ VXIIHU VHYHUHO\ LI GDWDEDVH FRQQHFWLRQ
SRROLQJ LV QRW LPSOHPHQWHG  ,W LV RQHRI WKHEDVLF LQIUDVWUXFWXUHPHFKDQLVPV WKDW
DQ\ GDWDEDVH GULYHQZHE DSSOLFDWLRQPXVW LPSOHPHQW  7KHUH LV D FRQQHFWLRQ SRRO
PDQDJHUWKDWJXDUDQWHHVSURSHUXVHRIFRQQHFWLRQVOLNHVSHFLI\LQJDPLQLPXPDQG
D PD[LPXP QXPEHU RI FRQQHFWLRQV  +RZHYHUPLVXVH RI WKH FRQQHFWLRQ SRRO FDQ
OHDGWRDGUDPDWLFOHDNDJHDQGPD\FDXVHWKHZHEDSSOLFDWLRQWRFUDVK
7KHFRQFHSWLVQRWQHZ,WKDVEHHQXWLOL]HGLQPDQ\FRQWH[WV+RZHYHULWLV
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VHHTXHULHVWKDWWDNHPRUHWKDQRQHPLQXWHWRILQLVK4XHULHVFDQWDNHPRUHWKDQ
RQHPLQXWHRQYHU\ODUJHGDWDEDVHV,WDOVRKDSSHQVWKDWWXQLQJWKHGDWDEDVHOLNH
FUHDWLQJ LQGLFHV PD\ EH VSDFH FRQVXPLQJ  :HE $SSOLFDWLRQV VRPHWLPHV LQWHUDFW
ZLWK VXFKGDWDEDVHV 6RZHEDSSOLFDWLRQVPXVWKDYH WHFKQLTXHV WRRYHUFRPHWKH
GDWDEDVHGHOD\
$ ZHE DSSOLFDWLRQ FDQ XVH GLIIHUHQW FDFKLQJ WHFKQLTXHV WR UHGXFH ODWHQF\
PLQLPL]HQHWZRUNWUDIILFDQGFRQVHTXHQWO\UHGXFHWLPHRXWV&DFKLQJDVGHILQHGE\
%URZQ >%%@ LV ³DQ DUHD RI VWRUDJH H[LVWLQJ EHKLQG WKH VFHQHV ZKLFK LV XVHG WR
VWRUH FRSLHV RI SUHYLRXVO\ UHTXHVWHG REMHFWV WKDW FDQ EH TXLFNO\ DFFHVVHG ZKHQ
QHHGHG´,WLPSURYHVWKHSHUIRUPDQFHDQGPDNHVWKHZHEDSSOLFDWLRQVPRUHUHOLDEOH
>%%@ &DFKLQJ LVQRWDQHZWHFKQLTXH LWKDVEHHQXVHG LQPDQ\VRIWZDUHILHOGV
DQG RQ GLIIHUHQW DVSHFWV  7KHUH LV VSHFLDO FDFKLQJ KDUGZDUH OLNH FDFKH SUR[LHV
ZKLFKFDFKHWKHVWDWLFZHEFRQWHQW7KHUHLVFDFKLQJHYHQRQWKHFOLHQWPDFKLQHVVR
WKDW QRW WR GRZQORDG WKH VWDWLF FRQWHQW OLNH LPDJHV HYHU\ WLPH  &OLHQWV EHFRPH
VDWLVILHGZLWKWKHTXLFNUHVSRQVHZKLFKLQFUHDVHVWKHLUWUXVWRQWKHZHEDSSOLFDWLRQ
6HUYHUVLGH FDFKLQJ LV D SHUIRUPDQFH HQKDQFHPHQW WHFKQLTXH WKDW LV XVHG LQ
PDQ\ ZHE DQG QRQZHE DSSOLFDWLRQV  ,W EULQJV WKH H[SHQVLYH UHVXOWV WR WKH
DSSOLFDWLRQPHPRU\,GHDOO\DGDWDEDVHTXHU\UHVXOWLVFDFKHG$FDFKLQJVROXWLRQ
PXVW KDQGOH WKH REMHFW H[SLUDWLRQ WR HQVXUH FRQVLVWHQF\  :KHQ WKH DSSOLFDWLRQ
LQYRNHV WKH TXHU\ LW ORRNV XS ILUVW LQ WKH FDFKH EHIRUH DFFHVVLQJ WKH GDWDEDVH  ,I
ORRNHGXSREMHFWVDUHIRXQGDQGDUHQRWH[SLUHGWKHQWKH\DUHUHWXUQHGEDFNWRWKH




/RJJLQJ LV D WHFKQLFDO VROXWLRQ WRZULWHPRVWRI WKH WLPH FHUWDLQ LQIRUPDWLYH
VWDWHPHQWVLQDQH[WHUQDOPHGLDOLNHSODLQILOHVWRUHFRUGV\VWHPSUREOHPVRUWUDFN
V\VWHPEHKDYLRU/RJJLQJLVDSUDFWLFHWKDWLVXVXDOO\LJQRUHGXQWLOWKHGHYHORSPHQW
SKDVH XVXDOO\ EHFDXVH LWPD\ GHOD\ WKH SURMHFW  ,W LV XVXDOO\ GRQH WR GHEXJ WKH
V\VWHP EHKDYLRU  0DQ\ GHYHORSHUV GR QRW FRQIRUP WR D FHUWDLQ ORJJLQJ VWDQGDUG
7KLV OHDGVDW WKHHQG WRPHVV\ ORJ ILOHV WKDW FRQWDLQD ORWRIPHVVDJHV IURPPDQ\
VRXUFHV  7KLV XQSURIHVVLRQDO GHYHORSPHQWSUDFWLFHKDSSHQVPRVWO\ EHFDXVHRI WKH
RYHUWUXVW LQ WKH ILQDO SURGXFW HVSHFLDOO\ LI LW LV ZHOO WHVWHG  8QSURIHVVLRQDO
GHYHORSHUVGRQRWDQWLFLSDWHIXWXUHUXQWLPHSUREOHPV7KLV LVZK\WKH\GRQRWSODQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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IRUWKHP
0RUHRYHUSHUIRUPDQFHSUREOHPVDUHWKHOHDVWORJJHGLVVXHV7KHVHLVVXHVDUH
XVXDOO\ FORVHG LQ WKH GHYHORSPHQW SKDVH DV WKRXJKW E\ WKH GHYHORSHUV
&RQFHQWUDWLRQ LV PDLQO\ RQ ORJJLQJ IXQFWLRQDO EHKDYLRU  )RU H[DPSOH GDWDEDVH
TXHULHV FDQ EH ORJJHG EXW WKHLU WLPH FRQVXPSWLRQ LV QRW ORJJHG ZKLFK OHDGV
GHILQLWHO\WRSHUIRUPDQFHLJQRUDQFHRIWKHV\VWHP
7KH SXUSRVH RI WKLV GHVLJQ SDWWHUQ LV PDLQO\ WR LQWURGXFH D ORJJLQJ GHVLJQ
SDWWHUQWHFKQLTXHZKLFKWDUJHWVGDWDEDVHTXHU\LQJLQWKHILUVWSODFHLQRUGHUWREXLOG
PRUH UREXVW GHVLJQV  2QFH WKLV SDWWHUQ LV DSSOLHG RQ WKH GHVLJQ LW EHFRPHV D
VWDQGDUGLQWKHGHYHORSPHQWWKDWQRRQHFDQLJQRUH
1.6.4 SQL Statement Template 
$ NH\SUREOHPZLWKGDWDEDVHGULYHQZHEDSSOLFDWLRQVLVWKDWTXHULHVDUHPRVWO\








GDWDEDVH TXHULHV  7KLV KDSSHQV D ORW LI QHZ FRQVWUXFWV DUH LQWURGXFHG LQWR
WKHGDWDEDVHTXHU\ODQJXDJHRUDVWDQGDUGPRGLILFDWLRQDFURVVDOOWKHTXHULHV
LVQHHGHG












- 25 - 
1.6.5 Static Enabler 
7KH,QWHUQHWZDVDPDMRUEUHDNWKURXJKLQWKHILHOGRI LQIRUPDWLRQWHFKQRORJ\
7KH PDLQ EHQHILW IURP WKLV WHFKQRORJ\ ZDV LQIRUPDWLRQ VKDULQJ  $V SDUW RI WKLV
HYROXWLRQSHRSOHVWDUWHGWRSRVWWKHLULQIRUPDWLRQWKURXJKZHEVLWHV$ZHEVLWHLVD
GHVLJQHG ORFDWLRQ RQ WKH ,QWHUQHW WKDW SRVWV LQIRUPDWLRQ DERXW D FHUWDLQ VXEMHFW
6WDWLF ZHEVLWHV HPHUJHG DW WKH DGYHQW RI WKLV WHFKQRORJ\  $ ZHEVLWH QRUPDOO\
FRQWDLQV DPL[WXUH RI GLIIHUHQWPHGLD REMHFWV OLNH LPDJHV IODVKHV DQG WH[W  7KH
RQO\EDFNHQGDSSOLFDWLRQQHHGHGWRVHUYHDVWDWLFZHEVLWHLVDZHEVHUYHU
6WDWLF ZHEVLWHV DUH VXIILFLHQW IRU VPDOO EXVLQHVV ZKHUH LQIRUPDWLRQ LV QRW
H[SHFWHGWRFKDQJHTXLFNO\+RZHYHULIWKHEXVLQHVVVL]HJHWVELJJHUWKHQHHGIRU




ZHEVLWH LV PDLQO\ QHHGHG WR DFKLHYH DQ LQWHUDFWLYH FRPPXQLFDWLRQ ZLWK
WKHZHEVLWHXVHUVDQGWKHH[LVWLQJEDFNHQG




 /RJLFDO DQG FRQVLVWHQW UHODWLRQV RI WKH GLIIHUHQW SDUWV RI D ZHEVLWH DUH
EHWWHUUHSUHVHQWHGE\DFRQWHQWPDQDJHPHQWSRROHJDGDWDEDVH





 ,PSOHPHQWDWLRQ LV GRQHPRUH TXLFNO\ WKDQ IRU D G\QDPLFZHEVLWHZKLFK
FDQKDYHPDQ\FRPSOH[LWLHVLQWKHEDFNHQG
6RPH DSSOLFDWLRQV SURYLGH FRQWHQWPDQDJHPHQW WRROV WKDW EXLOG WKH UHTXLUHG
FRQWHQW DQG SXEOLVK LW DV VWDWLF SDJHV  7KH OLPLWDWLRQ KHUH LV WKDW ODUJH GDWDEDVH
V\VWHPV FDQ FRQVXPH DKXJHDPRXQW RI GLVN VSDFH LI WKH\DUHSXEOLVKHGDV VWDWLF
SDJHV  6RPH RWKHU SHRSOHSUHIHU WRZRUNZLWKG\QDPLFZHEVLWHV DQGDFFHSW WKHLU
OLPLWDWLRQVIRUWKHVDNHRIRWKHUEHQHILWVDVPHQWLRQHGDERYH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
- 26 - 
+RZHYHU D G\QDPLF ZHEVLWH FDQ EHQHILW LQ D QXPEHU RI ZD\V LI WKHUH DUH
VWDWLFSDJHVSRVWLQJG\QDPLFFRQWHQW
 +LJKO\ DFFHVVHG G\QDPLF SDJHV FDQ EH FRQYHUWHG WR VWDWLF RQHV WR
LQWURGXFHD IDVWHU UHVSRQVHZKLOH LW VWLOO NHHSV WKHG\QDPLFSDJH IRU
RWKHUUHIHUHQFHVDQGVDYHVDWWKHVDPHWLPHGLVNVSDFH
 7KHGHFLVLRQFDQEHWDNHQWRFRQYHUWDOOWKHG\QDPLFSDJHVWRVWDWLFRU
MXVW OHDYH WKH G\QDPLF RQHV DFFRUGLQJ WR WKH FDSDELOLWLHV RI WKH
ZRUNLQJHQYLURQPHQW
3. 6RPH EDFNHQG V\VWHPV FDQ EH WHPSRUDULO\ VKXWGRZQ LI WKHLU
FRXQWHUSDUWG\QDPLFSDJHVDUHFRQYHUWHGWRVWDWLF 
1.7 Thesis Organization 
7KHGRFXPHQW LVRUJDQL]HGLQFKDSWHUV&KDSWHUSUHVHQWVWKHURDGPDSRI
WKH WKHVLV  ,W SUHVHQWV WKH VXJJHVWHG GHVLJQ SDWWHUQV WKDW DUH FDSWXUHG WR WDFNOH
SHUIRUPDQFH LVVXHVDQGDUJXHV IRU WKHP ,WGLVFXVVHVWKHGLIIHUHQWWHVWLQJDQG4$
PHWKRGV WKDW ZHUH XVHG WR YHULI\ WKH GHVLJQ SDWWHUQV LPSDFW RQ WKH WHVWLQJ
HQYLURQPHQW
&KDSWHUV  WKURXJK  FRYHU WKH EDFNJURXQG OLWHUDWXUH RI WKH'HVLJQ 3DWWHUQV
DQG ZHE DSSOLFDWLRQV  &KDSWHU  GLVFXVVHV WKH 5HXVDELOLW\ REVWDFOHV DQG WKH
GLIIHUHQWPHWKRGVWKDWFDQEHXVHGWRH[WUDFWUHXVDEOHFRPSRQHQWV&KDSWHULVD
EULHILQJRQWKHKLVWRU\RI'HVLJQ3DWWHUQVDQGUHODWHGWHFKQRORJLHV,WDOVRGLVFXVVHV
KRZ WR FDSWXUH GHVFULEH DQG VHOHFW GHVLJQSDWWHUQV &KDSWHU FRPSOHPHQWV WKH
SLFWXUHRIGHVLJQSDWWHUQVE\SUHVHQWLQJSDWWHUQODQJXDJHVDQGDQWLSDWWHUQVVRPH
IUDPHZRUN H[DPSOHV DQG VKRZV KRZ WKH\ DUH LQWHJUDWHG ZLWK GHVLJQ SDWWHUQV
&KDSWHUGLVFXVVHVWKHZHEWHFKQRORJ\VKRZVDQLGHDODUFKLWHFWXUHIRUDGDWDEDVH
GULYHQ ZHE DSSOLFDWLRQ DQG GLVFXVVHV WKH SHUIRUPDQFH LVVXHV UHODWHG WR D ZHE





GHVLJQ SDWWHUQV DQGZHE DSSOLFDWLRQV FDQ EH WHVWHG  &KDSWHU  FLWHV VRPH RI WKH
UHODWHG ZRUN WKDW KDV EHHQ SXEOLVKHG E\ VRPH UHVHDUFKHUV LQ WKH DUHD RI GHVLJQ
SDWWHUQVDQGZHEDSSOLFDWLRQV
&KDSWHUSUHVHQWV WKH ILYHSDWWHUQVZKLFKDUH WKHFRUHRI WKH UHVHDUFKDQG
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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JLYHV JXLGHOLQHV IRU WKHLU XVDJH  &KDSWHU  JLYHV DQ DQDO\VLV RI WKH SDWWHUQV
DFFRUGLQJ WR WKH TXDOLW\ DVVXUDQFH PHDVXUHPHQWV DQG SURYLGHV IXUWKHU DQDO\VLV
DFFRUGLQJ WR WKH WHVWLQJ UHVXOWV  &KDSWHU  FRQFOXGHV WKH UHVHDUFK DQG KLJKOLJKWV
VRPHIXWXUHGLUHFWLRQVIRUIXWXUH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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UHXVHZDV WKHPDLQ FDQGLGDWH WR RYHUFRPH WKLV FULVLV 6RPH UHXVDEOH FRPSRQHQW
OLEUDULHV ZHUH SURSRVHG DQG XVHG HIIHFWLYHO\ LQ QXPHULFDO FRPSXWDWLRQ ,2
FRQYHUVLRQ WH[W SURFHVVLQJ DQG G\QDPLF VWRUDJH DOORFDWLRQ  7ZHQW\WKUHH \HDUV
ODWHUVRIWZDUHUHXVHZDVVWLOOUHFRJQL]HGE\FRPSXWHUVFLHQWLVWVDOWKRXJKLWIDLOHGWR
DFKLHYHLWVJRDORIEHFRPLQJDVWDQGDUGSUDFWLFHIRUVRIWZDUHFRQVWUXFWLRQ>.&@
5HXVDELOLW\ LV D JHQHUDO ZRUG WKDW WDNHV DQ\WKLQJ EHQHILFLDO IRU ODWHU XVH
$Q\WKLQJFRXOGEHUHXVHGDVORQJDVLWPHHWVFHUWDLQFRQGLWLRQVDQGPHDVXUHPHQWV
$ SLHFHRIGRFXPHQWDWLRQFRXOGEHUHXVHGFODVVHVDQGREMHFWVFRXOGEHUHXVHGDQG
GHVLJQ FRXOG EH UHXVHG WRR >%*@  6RIWZDUH V\VWHPV FRXOG EH EXLOW IURP
SUHGHILQHG LQWHUFKDQJHDEOH FRPPRQ VRIWZDUH FRPSRQHQWV DV WKH\ VKDUH D ORW RI




ILQGLQJ WKH DSSURSULDWH FODVVHV DQG REMHFWV QHHGHG IRU D QHZ V\VWHP  +RZHYHU
DQRWKHUURXQGPXVWEHFDUULHGRXWWRILJXUHRXWWKHJHQHUDOSXUSRVHFRPPRQDQG
GRPDLQVSHFLILFREMHFWV




&RPPRQ FODVVHV DQG REMHFWV DUH QRW IRU JHQHUDOSXUSRVH XVH EXW WKH\ DUH XVHG
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RUGHU WRNHHS WKHGHVLJQ UREXVW IXWXUHFKDQJHVPXVWEHDQWLFLSDWHG>*(+5@ $
GHVLJQWKDWGRHVQRWDQWLFLSDWHIXWXUHFKDQJHVPD\VXIIHUVHYHUHPRGLILFDWLRQVLQWKH
GHVLJQDQG LPSOHPHQWDWLRQDVZHOO +HUHFRPHVWKHUROHRIGHVLJQSDWWHUQV 7KH\
KHOSLQFKDQJLQJGLIIHUHQWDVSHFWVRIWKHV\VWHPLQGHSHQGHQWO\IURPHDFKRWKHU
$V %RRFK VD\V ³,Q VXFFHVVIXO SURMHFWVZH KDYH HQFRXQWHUHG UHXVH IDFWRUV DV
KLJKDVPHDQLQJWKDWDOPRVWWKUHHIRXUWKVRIWKHVRIWZDUHLQWKHV\VWHPZDV
WDNHQ LQWDFW IURPVRPHRWKHU VRXUFH DQGDV ORZDV´ >%*@ 7KLV VKRZVKRZ
SURMHFWVFRXOGEH ILQLVKHGYHU\TXLFNO\ LI WKH\VWULYH IRUUHXVDEOHFRPSRQHQWV 7KH
UHXVDEOHFRPSRQHQWVFRXOGEHDQ\WKLQJXVHIXODVH[SODLQHGEHIRUH'HVLJQSDWWHUQV
DUH DPRQJ WKHVH UHXVDEOH FRPSRQHQWV VLQFH WKH\ DUH FRPSRQHQWV RI GHVLJQ




2.1 Reuse Obstacles 
,W LV UHDOO\ GLIILFXOW WR DUJXH DJDLQVW UHXVDELOLW\  +RZHYHU WKHUH DUH PDQ\




















6RPH VRIWZDUH RUJDQL]DWLRQV WKLQN WKDW WKH\ KDYH WR SUDFWLFH REMHFWRULHQWHG
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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WHFKQRORJ\ LQ RUGHU WRSUDFWLFH UHXVH $FWXDOO\ LWZRUNV WKHRSSRVLWHZD\ 5HXVH
PXVWEHSUDFWLFHGILUVWLQRUGHUWRPDNHXVHRIREMHFWWHFKQRORJ\$OWKRXJKREMHFW







7KH\SUDFWLFH LWRQGDLO\EDVLV LQWKHLUZRUN +RZHYHU WKH\GLGQRWUHFRJQL]HWKDW
WKH\GR LWRQ LQGLYLGXDOEDVLVJURXSEDVLVRUHYHQSURMHFWEDVLV 7KHVH LQGLYLGXDO
DFWLYLWLHV FDQ EH DSSOLHG LQ RQH SURMHFW DQG WKH\PLJKW VKRZXS DJDLQ LQ D IXWXUH
SURMHFWGRLQJWKHVDPHVRUWRIDFWLRQV:KDWRUJDQL]DWLRQVQHHGLVWRKDYHDSODQIRU
UHXVHWKDWPRQLWRUVDOOWKHVHDFWLYLWLHVLQDVPRRWKZD\VRWKDWWKH\GRQRWLQWHUUXSW
ZRUNSURJUHVV :KHQ WKHVHVFDWWHUHG UHXVHDFWLYLWLHVDUHFROOHFWHGRUJDQL]HGDQG
LQGH[HGLQOLEUDULHVRWKHUJURXSVDQGIXWXUHSURMHFWVFDQEHQHILWIURPWKHP,WZLOO
WKHQ EHFRPH D SUDFWLFH QRW WR VWDUW DQ\ SURMHFW EHIRUH FKHFNLQJ RXW WKH DYDLODEOH
OLEUDU\ DQG VHDUFK IRU D VROXWLRQ WKDW FDQEHXVHGGLUHFWO\ RU DW OHDVW HQKDQFHGRU
PRGLILHG
,Q DGGLWLRQ WR WKH DERYH PDQDJHPHQW LQ VRPH RUJDQL]DWLRQV PLJKW QRW EH
FRQYLQFHG ZLWK UHXVH >0&@  8VXDOO\ WLPHWRPDUNHW DQG FRVW DUH WKH SULPDU\
IDFWRUVWKDWFRQWURODQ\VRIWZDUHGHYHORSPHQW5HXVDEOHVROXWLRQVXVXDOO\WDNHPRUH
WLPH WR GHYHORS DQG WHVW GHVSLWH WKH IDFW WKDW WKH\ PDNH D ELJ GLIIHUHQFH LQ
LPSOHPHQWLQJOLEUDULHVWKDWFDQEHXVHGLQWKHFXUUHQWDQGWKHIXWXUHSURMHFWV'LUHFW
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2.2 Extracting Reusable Components 
5HXVDELOLW\ FDQEHDQH[SHQVLYHRSHUDWLRQ LI LW LVQRWZHOOSODQQHG 6RIWZDUH
PXVWEHHYDOXDWHGWRNQRZWKHGDWDDQGSURFHVVFRPSRQHQWVWKDWVKRXOGEHFUHDWHG
DV UHXVDEOH FRPSRQHQWV  7KH IXWXUH SURMHFWV WKDW FRXOG EH FUHDWHG IURP UHXVDEOH
FRPSRQHQWV KDYH WR EH LGHQWLILHG DQG WKH SRUWLRQV WKDW KDYH KLJK SRWHQWLDO RI
UHXVDELOLW\PXVW EHKLJKOLJKWHG 0RUHRYHU EXVLQHVVGLYLVLRQV WKDW KHDYLO\ SUDFWLFH
UHXVDELOLW\FDQEHLGHQWLILHGDQGJLYHQPRUHIRFXVRQWKHLUV\VWHPV>0&@
7KH VHFRQG WHFKQLTXH IRU FDSWXULQJ UHXVDEOH FRPSRQHQWV LV GRPDLQ DQDO\VLV
7KH REMHFWLYH RI GRPDLQ DQDO\VLV LV WR FDSWXUH DQG PRGHO WKH LQIRUPDWLRQ WKDW
GHVFULEHVDGRPDLQIRUWKHSXUSRVHRIJDLQLQJDEHWWHUXQGHUVWDQGLQJRIWKHGRPDLQ
DQGRU WR XVH WKLV LQIRUPDWLRQ WR GHYHORS IXWXUH V\VWHPV IRU WKH GRPDLQ IURP
VKDUDEOHUHXVDEOHFRPSRQHQWVVXFKDVJHQHULFDUFKLWHFWXUHVDQGSURFHVVHV>0&@
6\VWHPVWKDWVXSSRUWDFHUWDLQGRPDLQRUDSRUWLRQRIDGRPDLQDUHDJRRGDUHDWR
SHUIRUP GRPDLQ DQDO\VLV  )RU H[DPSOH ELOOLQJ V\VWHPV IRU WHOHFRPPXQLFDWLRQV
FRPSDQLHV FRXOG EH YHU\ VLPLODU DQG KHQFH ZRUWK EXLOGLQJ D V\VWHP WKDW XVHV
FRPPRQFRPSRQHQWV




RWKHU ZRUGV H[WUDFWLQJ FRPPRQ FRPSRQHQWV IURP H[LVWLQJ V\VWHPV PDNH WKHP
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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'(6,*13$77(516$1'5(/$7('7(&+12/2*,(6
3.1 History of Design Patterns 
'HVLJQ 3DWWHUQV ZHUH ILUVW LQWURGXFHG LQ DUFKLWHFWXUH HQJLQHHULQJ  $OH[HQGHU
>&$@ LQ LQWURGXFHG WKH FRQFHSW LQ KLV ERRN7KH7LPHOHVV:D\RI%XLOGLQJ






ZD\ WKDW \RX FDQ XVH WKLV VROXWLRQ DPLOOLRQ WLPHV RYHUZLWKRXW HYHU GRLQJ LW WKH












7KH\ JDYH WKHVH SDWWHUQV WR D VSHFLDOLVW WHDP WKDW ZHUH ZULWLQJ WHFKQLFDO
VSHFLILFDWLRQ IRUDV\VWHP 7KHJRRGWKLQJDERXWWKHVHSDWWHUQVDVWKH\VDLGZDV
WKDW WKH WHDP DIWHU RQO\ RQH GD\ SUHVHQWHG UHDVRQDEOH LQWHUIDFHV  7KH SDWWHUQ
ODQJXDJH WKH\ SUHVHQWHG GHWDFKHG WKH WHFKQLFDO WHDP IURP IXOO NQRZOHGJH RI WKH
SURJUDPPLQJODQJXDJHWKH\ZHUHXVLQJ6PDOO7DON,WVKRZHGDVXFFHVVWKDWPDGH
WKHPGHFLGH WRZULWHPRUHSDWWHUQV 7KH\UHSRUWHGWKDW WKH\ ILQLVKHGSDWWHUQV
VNHWFKHG RXW  PRUH DQG H[SHFWHG WR KDYH XS WR  RWKHU SDWWHUQV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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>%.&:@
0HDQZKLOH (ULFK *DPPD ZDV SUHSDULQJ IRU KLV 3K'ZKLFK ZDV RQ FDSWXULQJ
SDWWHUQV  +H FRQVROLGDWHG KLV LGHDVZLWK VRPH RWKHUV 5LFKDUG +HO 5DOSK -RKQVRQ
DQG-RKQ9OLVVLGHV7KHFRQFHSWRIGHVLJQSDWWHUQVWDUWHGWREHFRPHSRSXODUZKHQ
WKHVH IRXU ILUVWSXEOLVKHG WKHLU IDPRXVERRN'HVLJQ3DWWHUQV(OHPHQWVRI5HXVDEOH
2EMHFW2ULHQWHG6RIWZDUH>*(+5@ 7KHERRNLVRQHRIWKHPRVWIDPRXVERRNV LQ
REMHFW RULHQWHG GHVLJQ DQG LV FRQVLGHUHG D ELEOH IRU DOPRVW DOO UHVHDUFKHUV LQ WKLV
ILHOG  'HVLJQ SDWWHUQV GR QRW FRPHZLWK MXVW WKLQNLQJ WKH\ QHHG UHDO H[SHULHQFH
+RZHYHUGHVLJQHUVXVXDOO\GRQ¶WGRDJRRGHIIRUWLQUHFRUGLQJWKHLUH[SHULHQFHVIRU
RWKHUVWRXVH>*(+5@
3.2 Capturing Design Patterns 
,WLVUHDOO\GLIILFXOWWRFDSWXUHDGHVLJQSDWWHUQ$OWKRXJKQRYHOGHVLJQVFRXOG
EH FUHDWHG IURPVFUDWFKDGHVLJQSDWWHUQKDV WR FRPH IURPH[SHULHQFLQJDGHVLJQ
DQGSURYLQJWKDWLWLVZRUWKXVLQJZLWKRWKHUSURMHFWV$QRYHOSLHFHRIGHVLJQFRXOG
EHYHU\VXFFHVVIXOLQRQHDSSOLFDWLRQEXWLWPD\IDLOLQDQRWKHU6RDGHVLJQSDWWHUQ
ZLOO QRW EH FDSWXUHG XQOHVV LW LV XVHG LQ PRUH WKDQ RQH SURMHFW LQVLGH WKH VDPH
GRPDLQRURWKHUGRPDLQV7KHVHSDWWHUQVQHHGWREHGRFXPHQWHGIRUIXWXUHXVH
$ SUDFWLFHWKDW LVUHDOO\JRRG LQEXLOGLQJDSDWWHUQ LV WRPDNHUHYLHZVHVVLRQV
IRUDWHDPRIGHYHORSHUVZKRDUHZRUNLQJLQWKHVDPHSKDVHRIDSURMHFWDQDO\VLV
GHVLJQ LPSOHPHQWDWLRQ RU WHVWLQJ DQG WR FRQVROLGDWH WKHLU ZRUN LQWR D FRPPRQ
GHVLJQ LI VLPLODULWLHV DUH IRXQG DFURVV WKHLU ZRUN  7KH WHFKQLFDO WHDP OHDGHU IRU
H[DPSOHFRXOGUHYLHZWKHWHDPZRUNSLHFHVDQGEXLOGZLWKWKHKHOSRIWKHWHDPD
QHZ GHVLJQ WKDW LV JHQHULF HQRXJK WR FDSWXUH DOO WKH WHDP ZRUN FRPPRQDOLWLHV
$IWHUZDUGVHYHU\PHPEHURIWKHWHDPKDVWRDGDSWWKHQHZGHVLJQ7KHWHDPZRUN
UHYLHZKHOSVJUHDWO\LQEXLOGLQJUHXVDEOHSDWWHUQVWKDWFRXOGEHXVHGDWOHDVWLQWKH
OLPLWHG VFRSH RI RQH SURMHFW DQG LQFUHDVHV WKH SRVVLELOLW\ RI XVLQJ WKHP LQ RWKHU
SURMHFWV
3.3 Describing Design Patterns 
,V LWGLIILFXOW WRGHVFULEHDGHVLJQSDWWHUQ"$QH[SHUWVRIWZDUHGHVLJQHUPLJKW
VD\1RLW LVQRWGLIILFXOW7KHUHDUHJUDSKLFDOQRWDWLRQVWKDWFDQWHOOH[DFWO\ZKDWD
SLHFH RI GHVLJQ LV GRLQJ +RZHYHU DUH WKHJUDSKLFDO QRWDWLRQV HQRXJK" +RZ FDQ
RQH WHOO LI WKLVGHVLJQSDWWHUQ LVEHVW VXLWHG IRUDQDSSOLFDWLRQZLWKRXWNQRZLQJ WKH
WUDGHRIIVGHVLJQGHFLVLRQVRUWKHDOWHUQDWLYHVWKDWWKHGHYHORSHUHQFRXQWHUHG",WLV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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PRUH LPSRUWDQW WR NQRZ VXFK LQIRUPDWLRQEHIRUHGHFLGLQJ WRXVHDGHVLJQSDWWHUQ
6R WKH JUDSKLFDO QRWDWLRQV DUH QRW HQRXJK OLWHUDO GHVFULSWLRQ LV LPSRUWDQW LQ WKLV
FDVH%XWWKHJUDSKLFDOQRWDWLRQVFRXOGVXSSRUWWKHOLWHUDOGHVFULSWLRQWRR>*(+5@
7KH IROORZLQJ DUH WKH EDVLF HOHPHQWV WKDW DUH QHHGHG WR GHVFULEH DQ\ GHVLJQ
SDWWHUQ>*(+5@
 3DWWHUQ QDPH 1DPLQJ D SDWWHUQ LV RQH RI WKH PRVW GLIILFXOW WDVNV RI
GHVFULELQJ D SDWWHUQ  $ JRRG SDWWHUQ QDPH ZLOO GHVFULEH WR D ODUJH
GHJUHHLWVLQWHQW
 3UREOHP:KHQWRDSSO\WKHSDWWHUQ7KLVVHFWLRQVKRXOGHQFRPSDVVWKH
SUREOHPDQG LWV FRQWH[W 2QHPD\DGGRWKHU SLHFHV RI LQIRUPDWLRQ WKDW
DGG YDOXH WR WKLV VHFWLRQ OLNH FODVV RU REMHFW VWUXFWXUH FRQGLWLRQV WKDW
PXVWEHPHWEHIRUHDSSO\LQJWKHSDWWHUQRURWKHUGHVLJQSUREOHPV
 6ROXWLRQ7KHHOHPHQWVIURPZKLFKDVROXWLRQ LVFRPSRVHG,WPXVWQRW
WREHDQDEVROXWH VROXWLRQKRZHYHU LW VKRXOGEHDEVWUDFWHQRXJK WREH
DSSOLHG LQ GLIIHUHQW VLWXDWLRQV  7KH DFWXDO GHVLJQ VKRXOG EH OHIW WR WKH
GHYHORSHU
 &RQVHTXHQFHV 7KH UHVXOWV DQG WKH WUDGHRIIV IURP DSSO\LQJ D GHVLJQ
SDWWHUQ  $OWKRXJK WKH\ PLJKW QRW EH QRWLFHG DIWHU DSSO\LQJ D GHVLJQ
SDWWHUQFRQVHTXHQFHVDUHLPSRUWDQWLQRUGHUWRHYDOXDWHGLIIHUHQWGHVLJQ
SDWWHUQV  7KH UHVXOWV DQG WUDGHRIIV PD\ DGGUHVV GLIIHUHQW DUHDV OLNH
GHVLJQ IOH[LELOLW\ H[WHQVLELOLW\ SRUWDELOLW\ RU SURJUDPPLQJ ODQJXDJH
VSHFLILFLVVXHV
3.4 Selecting a design pattern for use 
7KHUHDUHQRZHOONQRZQVHDUFKHQJLQHVIRUGHVLJQSDWWHUQV2QHKDVWRVWULYH
WRILQGJRRGSDWWHUQVIRUKLVKHUGHVLJQ,WLVQRWPDQGDWRU\WKDWHYHU\SURMHFWKDV
WR EH EXLOW IURP GHVLJQ SDWWHUQV KRZHYHU D XVHU FDQ VHOHFW FHUWDLQ VHFWLRQV RI
KLVKHUSDVWGHVLJQVDQGPHUJHWKHPZLWKSDWWHUQV7KHVHVHFWLRQVFRXOGEHIXOO\RU
SDUWLDOO\EXLOWRYHUSDWWHUQV7KLVNLQGRIUHXVDELOLW\HQVXUHV
 7KH KLJK SRVVLELOLW\ RI D UDSLG DQG VXFFHVVIXO RYHUDOO DUFKLWHFWXUH RI D
V\VWHP
 7KH H[LVWHQFH RI GRFXPHQWDWLRQ WKDW LV DOUHDG\ DYDLODEOH RQ WKH XVHG
SDWWHUQ
6R WR VWDUW VHOHFWLQJ D SDWWHUQ RQH KDV WR VWDUW ILUVW E\ QDUURZLQJ GRZQ KLVKHU
QHHGV DQG FRPSDULQJ GLIIHUHQW DOWHUQDWLYHV  2QH PD\ IROORZ WKHVH JXLGHOLQHV WR
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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VHOHFWDGHVLJQSDWWHUQ)LJXUH>*(+5@
 .QRZ H[DFWO\ ZKDW \RX DUH WU\LQJ WR ILQG  'HYHORSHUVPD\ EH WHPSWHG WR
VHDUFKLQWKHSDWWHUQVFDWDORJVWKDWDUHUHODWHGE\QDPHWRWKHLUZRUN7KLV
NLQG RI VHDUFKPD\ VXFFHHG DQGPD\ QRW  6R WU\ ILUVW WR FDWHJRUL]H \RXU
ZRUNDQGSXWUHODWHGZRUGVDKHDGDQGWKHQVHDUFKIRUGHVLJQSDWWHUQVUHODWHG
WR WKHVH FDWHJRULHV  )RU H[DPSOH GHYHORSHUV ZKR DUH GHVLJQLQJ ZHE
DSSOLFDWLRQVPD\IDFHDSUREOHPRIEXLOGLQJRUGHVLJQLQJKHDY\ZHLJKWSDJHV




VROYHVDSUREOHPMXVWEHFDXVH LW LVSURPLVLQJIRUEHWWHUHQKDQFHPHQWRI WKH
V\VWHPUDWKHU WKDQDSDWWHUQ WKDWVROYHV WKHSUREOHPEXWGRHVQRWFRQVLGHU
YDULDEOHFKDQJHV>*(+5@




WKH GHYHORSHU ZLOO WDNH D GHFLVLRQ WR EXLOG WKH GHVLJQ IURP VFUDWFK  +RZHYHU D
OLPLWHG DPRXQW RI WLPH FRXOG EH DOORZHG IRU VHDUFKLQJ IRU GHVLJQ SDWWHUQV DW WKH
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)LJXUH6HOHFWLQJDGHVLJQSDWWHUQ
3.5 An Example of A Design Pattern  
'HVLJQ SDWWHUQV IDOO XQGHU WKUHH FDWHJRULHV &UHDWLRQDO 6WUXFWXUDO DQG
%HKDYLRUDO  &UHDWLRQDO DQG %HKDYLRUDO SDWWHUQV GHVFULEH REMHFWV DW UXQWLPH
6WUXFWXUDO SDWWHUQV GHVFULEH REMHFW VWUXFWXUH DW FRPSLOH WLPH &ODVV 'HFODUDWLRQ
>*(+5@ )RUH[DPSOHYLUWXDOFRQVWUXFWRUV LQ&DUHDQH[DPSOHRIDFUHDWLRQDO
SDWWHUQ ZKHUH FRQVWUXFWLRQ LV GHWHUPLQHG DW UXQWLPH  7KH DSSURSULDWH REMHFW
FRQVWUXFWRUZLOOEHFDOOHGDFFRUGLQJWRWKHREMHFWW\SH,QKHULWDQFHLVDQH[DPSOHRI
D VWUXFWXUDO SDWWHUQ  &ODVV LQKHULWDQFH IRUFHV VRPHPHWKRGV DQG DWWULEXWHV WR WKH
FKLOGFODVV $JRRGH[DPSOH LV WKH2EMHFWFODVV LQ-DYD7KH2EMHFWFODVVGHFODUHV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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VRPHPHWKRGVWKDWDQ\FODVVGHFODUHGPXVWLQKHULWIURP)RUH[DPSOHDOOFODVVHVLQ
-DYD LQKHULW WR6WULQJPHWKRG WKDW UHWXUQV D VWULQJ UHSUHVHQWDWLRQ RI DQ REMHFW
HTXDOV2EMHFW WKDW LQGLFDWHV ZKHWKHU VRPH RWKHU REMHFW LV HTXDO WR WKLV RQH
>-$9$@
%HKDYLRUDO SDWWHUQV DUH WKH PRVW FRPPRQO\ XVHG RQHV LQ REMHFWRULHQWHG
GHVLJQ 7KH\ DFWXDOO\ FDQ HPERG\ WKH VWUXFWXUDO DQG FUHDWLRQDO SDWWHUQV LQ WKHLU
LPSOHPHQWDWLRQ+HUH LVDYHU\JRRGH[DPSOHRIRQHRI WKHGHVLJQSDWWHUQV WKDW LV




VWDUWE\VSOLWWLQJ LQWRVXEDUUD\VVRUWLQJ WKHQ MRLQLQJ)LJXUH 2Q WRSRI WKHVH
DOJRULWKPVDUHTXLFNVRUWDQGPHUJHVRUW 7KH LQVHUWLRQVRUWFRXOGEHYLHZHGDVD
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
7KHPDLQGHVLJQGHFLVLRQWDNHQKHUHLVWKDW
 $OO WKH VWXGLHG DOJRULWKPV VKDUH WKH VDPH FRQFHSW RI VSOLWWLQJ VRUWLQJ DQG
WKHQPHUJLQJ
 7KHVRUWHGGDWDGRHVQRWFDUU\ LWVVRUWLQJFULWHULD  ,W LV WKHUHVSRQVLELOLW\RI
WKHXVHUWRSURYLGHWKLVLQIRUPDWLRQWKURXJK$2UGHUREMHFW








WKH IXQFWLRQDOLW\ RI RQH RI WKH VRUWLQJ DOJRULWKPV WR VKRZ KRZ VRUWLQJ LV GRQH




3.6 Pattern Language 
$ SDWWHUQ ODQJXDJH LV D FROOHFWLRQ RI SDWWHUQV WKDW JXLGH WKH GHYHORSHU LQ D
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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FHUWDLQ GRPDLQ FRQWH[W  ,W LV QRW MXVW D FDWDORJ RI SDWWHUQV LW LQFOXGHV GHVLJQ
GHFLVLRQVDQGGRPDLQVSHFLILFDGYLFHWRWKHGHYHORSHU7KHFKRLFHRIWKHDSSURSULDWH
SDWWHUQZLOOEHGHWHUPLQHGIURPWKHDGYLFHRIWKHSUHFHGLQJSDWWHUQ>0%07@,WLV
YHU\ LPSRUWDQW WR QRWH WKDW D SDWWHUQ ODQJXDJH LV QRW MXVW D FROOHFWLRQ RI LVRODWHG
GHVLJQ SDWWHUQV WKH\ DUH KHWHURJHQHRXV SLHFHV RI GHVLJQ WKDW JLYH DW WKH HQG D
JRRGVROXWLRQIRUDFHUWDLQSUREOHP,QRWKHUZRUGV LIDGHVLJQSDWWHUQ LVVHOHFWHG
IRU LPSOHPHQWDWLRQ WKHQ VXFFHHGLQJGHVLJQSDWWHUQV LQ WKH WUHH )LJXUHDUH WKH





SURJUDPPLQJ >0%07@  7KH SDWWHUQ ODQJXDJH LV VWUXFWXUHG LQWR IRXU PDLQ
FDWHJRULHVWKDWZLOOH[HFXWH LQVHTXHQFH7KHWRSOHYHOSDWWHUQVKHOS LQILQGLQJWKH




WKDWZLOO UXQ LQSDUDOOHO 7KLV LVVXSSRVHG WREHDKLJKHUOHYHOGHFLVLRQDQGZLOOEH
UHPRYHG IURP WKH ORZHU OHYHO LPSOHPHQWDWLRQ  7KH SDWK VWDUWV E\ RUJDQL]LQJ WKH
SUREOHPLQIRUPDWLRQRQKDQG7KHQH[WVWHSLVWRGHFRPSRVHWKHSUREOHPHLWKHUE\
WDVN 7DVN'HFRPSRVLWLRQ RU E\ GDWD 'DWD'HFRPSRVLWLRQ RU E\ ERWK )LJXUH 
7KHGHVLJQHUPD\NHHSRVFLOODWLQJEHWZHHQWKHPXQWLODILQDOGHFRPSRVLWLRQLVPDGH
7KHQH[WVWHSKHOSVWKHGHVLJQHUWRJURXSWDVNVWRJHWKHUZKRVHHOHPHQWVZLOOUXQ
FRQFXUUHQWO\  RUGHU WKH JURXS RI WDVNV DFFRUGLQJ WR WKHLU GDWD RU WHPSRUDO
Pattern A
Pattern B Pattern C Pattern D
Pattern E Pattern F Pattern G
Pattern IPattern H
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV












RU XQDQWLFLSDWHG SUREOHPV DUH
JHQHUDWHG  7KH\ PD\ EH WLQ\
SUREOHPVEXWWKH\ZLOOQHHGWLPHDQG
HIIRUW WR VROYH DQG ZLOO GLVWXUE WKH
IRFXV RI WKH GHYHORSHU IURP KLV
RULJLQDOSUREOHP>%:05@
+DYH ZH HYHU IDFHG VXFK
SUREOHPV"  <HV DQG \HW ZH DOZD\V
WHQG WR WKLQN RI RXU VROXWLRQV DV WKH
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- 7KRVHWKDWWHOODEDGVROXWLRQWRDSUREOHPWKDWHQGVLQWRDEDGVLWXDWLRQ
- 7KRVHWKDWWHOOKRZWRJHWRXWIURPDEDGVLWXDWLRQLQWRDEHWWHUVROXWLRQ
6R LI D SDWWHUQ LV GHILQHG DV ³EHVW SUDFWLFH´ WKHQ DQ DQWLSDWWHUQ UHSUHVHQWV D
³OHVVRQ OHDUQHG´>$%@  ,W LV UHDOO\ LPSRUWDQWWRUHFRUGWKHDQWLSDWWHUQSUDFWLFH
DQG VKRZ LWV FRXQWHUSDUW SDWWHUQ WKDW SURYHV WR ZRUN ZHOO  $FWXDOO\ LW FRXOG EH
PRUHWKDQRQHSDWWHUQWKDWKHOSVDWWKHHQGLQJHWWLQJRXWRIWKHSUREOHP)LJXUH






6R ZK\ LV LW ZRUWK NQRZLQJ DQ DQWLSDWWHUQ"  /LNH GHVLJQ SDWWHUQV DQWL
SDWWHUQV SURYLGH D JHQHUDO WHPSODWHZKHUH WKH SUREOHP V\PSWRPV VROXWLRQV DQG
FRQVHTXHQFHVDUHGHVFULEHGFOHDUO\7KLVPHDQVWKDWVRIWZDUHGHYHORSHUVZLOOKDYHD
FRPPRQ YRFDEXODU\ WKDW WKH\ FDQ XVH WR WDON DERXW VRIWZDUH GHIHFWV  $V WKH
NQRZOHGJHEDVHRIDQWLSDWWHUQVJURZVXSWKHVRIWZDUHLQGXVWU\¶VFRPPRQSUREOHPV
JHWFOHDUO\LGHQWLILHGDQGVKDUHGDPRQJWKHGHYHORSPHQWFRPPXQLW\6LQFHDQDQWL
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+RZHYHU WKH SXUSRVH LV WR JHW FORVH WR WKHSLFWXUH DQG WU\ WRXQGHUVWDQG LW
6R WKH XVH RI WKH DQWLSDWWHUQ WHPSODWH ZLOO QRW EH WKRURXJK  ,W LV HQRXJK WR
GHVFULEH WKH SUREOHP WKH EDG VROXWLRQ DQG KRZ WR JHW RXW RI WKH EDG VLWXDWLRQ





WLPH  7KHUH LV QR SUREOHP LI WKHUH LV RQO\ RQH XVHU ZKR LV XVLQJ WKH ZKROH
DSSOLFDWLRQ  +RZHYHU ZKHQ PRUH WKDQ RQH XVHU XVH WKH DSSOLFDWLRQ D WLPH RXW
SUREOHPRFFXUV 7KLV LVQRUPDOVLQFHWKHUH LVRQO\RQHFRQQHFWLRQWKDWFRXOGVHUYH
RQHRSHUDWLRQDW D WLPHDQGHYHU\RSHUDWLRQ WDNHVD FRQVLGHUDEOHDPRXQWRI WLPH
7KH GHYHORSHU ZKR GHVLJQHG WKH DSSOLFDWLRQ WKRXJKW RI IL[LQJ WKH SUREOHP E\
FUHDWLQJDQHZFRQQHFWLRQIRUHYHU\UHTXHVWWKHVDPHZD\LW LVGRQHIRUWKHVLQJOH
FRQQHFWLRQ
,W LV UHDOO\ D EDG VROXWLRQ  1RZ WKHUH ZLOO QRW RQO\ EH D GHOD\ IURP WKH
FRQFXUUHQF\DQGWKHRSHUDWLRQWLPHEXWDQRWKHURYHUKHDGWLPHZLOOEHDGGHGIURP
WKHFUHDWLRQRIDQHZFRQQHFWLRQ)LJXUH $FWXDOO\ WKLVVROXWLRQKDVDYHU\ OLWWOH
EHQHILW LQFRPSDULVRQWRLWVVLGHHIIHFWV7KHGHYHORSHUWKRXJKWRIVROYLQJWKHWLPH
RXW SUREOHP ZKLFK LVPDLQO\ GXH WR FRQFXUUHQF\ E\ LQWURGXFLQJ QHZ FRQQHFWLRQV
HYHU\ WLPH WKHUH LV D UHTXHVW  7KLV VROXWLRQ ZLOO VHUYH WKH UHTXHVWV IRU D OLPLWHG
SHULRG RI WLPH WKHQ WKH GDWDEDVH FRQQHFWLRQV ZLOO EH FRQVXPHG DQG WKH WLPH RXW
SUREOHPZLOODSSHDUDJDLQ7KDWLVEHFDXVHWKHXVHUUHSHDWHGWKHVROXWLRQRIRSHQLQJ
D FRQQHFWLRQ DQG UHOHDVLQJ LW ZKLOH WKH DSSOLFDWLRQ H[LVWV  0RUHRYHU PHPRU\
FRQVXPSWLRQZLOOEHYHU\KLJKRQWKHGDWDEDVHVLGHDQGRQWKHDSSOLFDWLRQVLGH
,VWKHUHDVROXWLRQWRWKLVEDGVROXWLRQ"7KHVPDUWGHYHORSHUVDLG³+RZDERXW
FUHDWLQJD UHTXHVW IRUHYHU\XVHU´ 1RZWKHGDWDEDVHFRQQHFWLRQVZLOOEH OHIW IUHH
IRUDFRQVLGHUDEOHDPRXQWRIWLPHDQGWKH\PD\QRWEHWRWDOO\FRQVXPHG+RZHYHU
WKHGHYHORSHUVWLOOGRHVQRWKDYHFRQWURORYHUWKHVWDELOLW\RIWKHV\VWHP)LUVWWKH
QXPEHU RI XVHUV FRXOGEHDW RQH WLPHKLJKHU WKDQZKDW LV H[SHFWHG 6HFRQG WKH
GDWDEDVH PLJKW EH FRQILJXUHG ZLWK D QXPEHU RI FRQQHFWLRQV OHVV WKDQ ZKDW LV
UHTXLUHG$OVRWKHPHPRU\FRQVXPSWLRQPLJKWWRXFKWKHGDQJHURXVHGJH
7KH GHYHORSHU LV VWLOO LQ D GLOHPPD ³<HV , VKRXOG FORVH WKH RSHQHG
FRQQHFWLRQV´7KLVIRUVXUHZLOOVROYHWKHWLPHRXWSUREOHPGXHWRWKHFRQVXPSWLRQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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RI WKH GDWDEDVH FRQQHFWLRQV DQG VR WKH PHPRU\ XVDJH ZLOO JR D OLWWOH ELW GRZQ
+RZHYHUWKHFRQQHFWLRQFUHDWLRQGHOD\ZLOOVWLOOEHLQWURGXFHG
7KLV LWHUDWLYH WKLQNLQJ FRXOG OHDG WKH GHYHORSHU DW WKH HQG WR PDLQWDLQ D
FRQQHFWLRQ SRRO  7KLV VROXWLRQ KDV PDQ\ EHQHILWV  )LUVW WLPH RXW GXH WR WKH
FRQVXPSWLRQ RI WKH GDWDEDVH FRQQHFWLRQV ZLOO QRW RFFXU  6HFRQG PHPRU\ ZLOO
DOZD\VEHXQGHUFRQWUROVLQFHLWLVRQO\DOLPLWHGQXPEHURIFRQQHFWLRQVGHWHUHPLQHG
IURP WKH VWDUW RI WKH DSSOLFDWLRQ  7KLUG WKH XVHU ZLOO QRW VXIIHU WKH FRQQHFWLRQ
FUHDWLRQ GHOD\  )RXUWK WKH FRQFXUUHQF\ GHOD\ ZLOO EH FRQWUROOHG WR D ODUJH H[WHQW
VLQFH WKH XVHUVZLOO EH FRPSHWLQJ RYHU D SRRO RI RSHQHG FRQQHFWLRQV QRW D VLQJOH
FRQQHFWLRQ
7R VXP XS GHYHORSHUV XVXDOO\ VWDUW ZLWK VROXWLRQV WKDW GR QRW UHSUHVHQW WKH




DQG QRW QHHG WR JR RYHU LW DW DOO  ([SHULHQFHGGHYHORSHUV KRZHYHUZLOO QRUPDOO\
WHQGWRFRPSDUHDOWHUQDWLYHVWRVHOHFWWKHEHVWIRUWKHLUSUREOHPV
3.8 Frameworks 
$ )UDPHZRUN LV ³DVHWRIFRRSHUDWLQJFODVVHV WKDWPDNHXSD UHXVDEOHGHVLJQ
IRU D VSHFLILF FODVV RI VRIWZDUH´ >*(+5@  $ IUDPHZRUN LV DOZD\V JHDUHG LQWR D
VSHFLILFODQJXDJHZKHUHLWFRXOGEHUHXVHGGLUHFWO\WRGLFWDWHWKHDUFKLWHFWXUHRI\RXU
DSSOLFDWLRQ  $OWKRXJK WKH IUDPHZRUN IRUFHV D FHUWDLQ DUFKLWHFWXUH LW UHOLHYHV WKH
GHYHORSHU IURP WKH PDLQ GHVLJQ GHFLVLRQV WKDW DUH DOUHDG\ PDQDJHG LQ WKH
IUDPHZRUN
%HFDXVH WKH DSSOLFDWLRQV EXLOW RYHU WKH IUDPHZRUNV DUH IXOO\ GHSHQGHQW RQ
WKHPWKH\DUHDOVRVHQVLWLYHWRFKDQJHVRIWKHJHQHUDOGHVLJQ$FWXDOO\KHUHFRPHV
WKHPDLQDGYDQWDJHRIWKH22'ZKHUHPDQ\RIWKHGHVLJQGHFLVLRQVFRXOGEHKLGGHQ
IURP WKH GHYHORSHU  7KH GHYHORSHUZLOO LPSOHPHQW WKH LQWHUIDFHV SURSRVHG E\ WKH
IUDPHZRUNWRGRKLVKHUVSHFLDOZRUN
3.8.1 How Frameworks solve the reusability problem 
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WKHSUREOHPRQKDQG>*(+5@7KLVLVZK\DGHYHORSHUFKRRVHVDIUDPHZRUN,WLV




0RUHRYHU FHUWDLQ GHVLJQ GHFLVLRQV FRXOG EH GHIHUUHG WR WKH DSSOLFDWLRQ GHYHORSHU
ZKHUHKHVKHFDQSXWKLVKHUVROXWLRQZLWKWKHVXSSRUWRIWKHIUDPHZRUN
3.8.2 Examples of Frameworks 
2QHH[DPSOHRI IUDPHZRUNV LV WKH6DQ)UDQFLVFR IUDPHZRUNGHYHORSHG LQ ,%0
ODEV >&-&%@  7KLV IUDPHZRUN LV RQH RI WKH H[DPSOHVZKHUHGHVLJQSDWWHUQV DUH
XVHGDVDQHIIHFWLYHHOHPHQW 7KHGHYHORSPHQW WHDPEHOLHYHG IURP WKHEHJLQQLQJ
WKDW WKH IUDPHZRUN ZLOO QRW VROYH DOO SUREOHPV VR WKH\ SURYLGHG WKH DSSOLFDWLRQ
GHYHORSHUV ZLWK D KLHUDUFK\ RI VROXWLRQV IURP ZKLFK WKH\ FDQ FKRRVH WKH RQHV WR







>((6:@  7KH IUDPHZRUN LWVHOI LV EXLOW RYHU WZR RWKHU IUDPHZRUNV:HE2EMHFWV
DQG2SHQ6WHS 7KH ILUVW IUDPHZRUN LV VSHFLDOL]HG LQZHEDSSOLFDWLRQGHYHORSPHQW
7KH VHFRQG RQH LV IRFXVHG RQ GDWDPDQDJHPHQW  7KH IUDPHZRUN XVHV D GLIIHUHQW




x 8, &RPSRQHQWV WR SURYLGH 8, FRPSRQHQWV IRU GLVSOD\ E\ WKH
3UHVHQWDWLRQOD\HU
x %XVLQHVV /RJLF WR SURYLGH WKH VHUYLFHV WKDW FRXOG EH FDOOHG E\ WKH 8,
&RPSRQHQWVLQWKHSUHVHQWDWLRQPRGXOH
x 'DWD0DQDJHPHQW WR SURYLGH D GDWDPDQDJHPHQW V\VWHP DZD\ IURP
WKHGDWDEDVH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV






LV ([SUHVVR ([SUHVVR LV D SURMHFW ZKLFK DLPV WR EXLOG D IUDPHZRUN IRU ZHE
DSSOLFDWLRQV WKDW DUH GDWDEDVH GULYHQ  ,W LV EDVHG RQ WKH 09& 0RGHO9LHZ
&RQWUROOHUDUFKLWHFWXUH  ,W SURYLGHV D ORW RI EDVLF IXQFWLRQDOLWLHV WKDW DUH DOZD\V
QHHGHG OLNH VHFXULW\ ORJLQ GDWDEDVH FRQQHFWLYLW\ FDFKLQJ HWF«  $V D SRZHUIXO
IUDPHZRUNLW LQWHJUDWHV LWVPRGHOZLWK6WUDWXV ZKLFKLVDQRSHQVRXUFHIUDPHZRUN
WREXLOG LWVFRQWUROOHU ,WV0RGHO FDQ LQWHJUDWHZLWKDQ\VWDQGDUGGDWDEDVH 7KH















3.8.3 How Design Patterns integrate with Frameworks 
7KHSUREOHP WKDW DOZD\V IDFHVGHYHORSHUVZKHQGHVLJQLQJ )UDPHZRUNV LV WKH
VHSDUDWLRQ EHWZHHQ WKH VWDWLF DQG G\QDPLF SDUWV  ,Q RWKHUZRUGV WKH GHYHORSHUV
ZRXOGDOZD\VZDQWWRPDNHDIUDPHZRUNDVJHQHULFDVSRVVLEOHEXWWKLVFDQQHYHU
KDSSHQ7KHUHKDVWREHDVWDWLFSDUWWKDWWKHIUDPHZRUNLVIXOO\GHSHQGHQWRQ7KH
SUREOHP LV WKDW IUDPHZRUN GHYHORSHUV PD\ QRW EH DEOH WR VDWLVI\ WKH GLIIHUHQW
EXVLQHVVQHHGVZKHUHG\QDPLFDQGVWDWLFSDUWVDUHH[FKDQJHDEOH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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7KHUROHRIGHVLJQSDWWHUQVDSSHDUVKHUH8VHWKHGHVLJQSDWWHUQVWRGHFRXSOH
WKHVWDWLFSDUWVIURPWKHG\QDPLFRQHV>6'&@6RPHRIWKHPRVWXVHIXOSDWWHUQV
HPHUJH DQG GHVFULEH IUDPHZRUNV  6LQFH IUDPHZRUNV DUH ODQJXDJH GHSHQGHQW
GHVLJQSDWWHUQVDUHXVHGWRDEVWUDFWKLJKOHYHODUFKLWHFWXUHV7KHXVHIXOQHVVFRPHV
IURPUHXVLQJWKHVHSLHFHVRISDWWHUQVLQVLGHWKHV\VWHPRULQDQ\RWKHUV\VWHP,Q
RWKHUZRUGV GHVLJQSDWWHUQV FRXOGEHXVHG WRGHVFULEH IUDPHZRUNV LQD ODQJXDJH
LQGHSHQGHQW PDQQHU DQG IUDPHZRUNV DUH XVHG WR FRQVROLGDWH GLIIHUHQW GHVLJQ
SDWWHUQV LQ D ODQJXDJH VSHFLILF PDQQHU  1HLWKHU GHVLJQ SDWWHUQV QRU IUDPHZRUNV
SUHFHGHHDFKRWKHU2QHFRXOGVWDUWZLWKDIUDPHZRUNWKHQXVHWKHGHVLJQSDWWHUQ
PHWKRGRORJ\ WRGHVFULEH LW 2UD IUDPHZRUNFRXOGEHEXLOWDURXQGGHVLJQSDWWHUQV
WKDWVROYHSUREOHPVLQDVSHFLILFGRPDLQ>*(+5@
,I D IUDPHZRUN QHHGV PRUH NQRZOHGJH DQG WUDLQLQJ LQ RUGHU WR PDVWHU LWV
WHFKQLTXHVWKHQWKHGHVLJQSDWWHUQVDUHWKHZD\WRXQGHUVWDQGLW)UDPHZRUNVDUH
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& K D S W H U   
:(%$33/,&$7,216
4.1 A Brief History of the Internet 
7KH RULJLQV RI WKH LQWHUQHW JRHV EDFN WR  ZKHQ -&5 /LFNOLGHU RI 0,7
VWDUWHGWRSURSRVHWKHLGHDRI³*DODFWLF1HWZRUN´LQDVHULHVRIPHPRV+HGHVFULEHG







LGHD ZDV UHYROXWLRQDU\ DV FLUFXLW VZLWFKLQJ ZDV WKH SULPDU\ VZLWFKLQJ PHWKRG
DYDLODEOHDW WKDW WLPH 5REHUWVZRUNLQJZLWK7KRPDV0HUULOFUHDWHGWKHILUVWZLGH




QRW HIILFLHQW LQ FRQQHFWLQJ ERWK FRPSXWHUV  5REHUWV ZDV WRWDOO\ FRQYLQFHG WKDW




 NESV WR  NESV $ WHDP IURP %ROW %HUDQHN DQG 1HZPDQ %%1 VWDUWHG WR
GHYHORS WKH ILUVW YHUVLRQ RI SDFNHW VZLWFKHV FDOOHG ,QWHUIDFH 0HVVDJH 3URFHVVRUV
,03
VLQ'HFHPEHU7KHILUVWKRVWFRPSXWHULQ$53$1(7ZDVLQVWDOOHGLQWKH
1HWZRUN 0HDVXUHPHQW &HQWHU DW WKH 8QLYHUVLW\ RI &DOLIRUQLD /RV $QJHOHV 8&/$
DFFRPSDQLHGZLWK WKH LQVWDOODWLRQRI WKH ILUVW ,03 LQ6HSWHPEHU 7KHVHFRQG
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PRUH VHWV RI FRPSXWHUV ZHUH DGGHG WR FRPSOHWH WKH SK\VLFDO DUFKLWHFWXUH RI WKH
$53$1(7  7KH ILUVW +RVWWR+RVW SURWRFRO ZDV LPSOHPHQWHG WRR FDOOHG 1HWZRUN
&RQWURO 3URWRFRO 1&3  %\ WKDW WLPH XVHUV ZHUH DEOH WR VWDUW GHYHORSLQJ
DSSOLFDWLRQV>/%&9@
 ,Q%%1LQWURGXFHGWKHILUVWDSSOLFDWLRQHOHFWURQLFPDLOWKDWLVLQVWDOOHG
RQ $53$1(7  7KH VRIWZDUH ZDV GHYHORSHG WR OHW WKH GHYHORSHUV RQ $53$1(7
FRPPXQLFDWHHDVLO\  ,WZDVFDSDEOHRIVHQGLQJDQGUHDGLQJPHVVDJHV7KLVXWLOLW\
ZDV H[SDQGHG WR OLVW VHOHFWLYHO\ UHDG ILOH IRUZDUG DQG UHVSRQG WR PHVVDJHV
(PDLOZKLFKLVWKHODUJHVWXVDJH,QWHUQHWDSSOLFDWLRQWRRNRII>/%&9@
 $53$1(7ZDV WKH VHHG IRU WKHPRGHUQ ,QWHUQHWDVNQRZQ WRGD\ +RZHYHU
WKHLQWHUQHWKDGDPXFKPRUHGLIIHUHQWDQGGLYHUVLILHGVWUXFWXUHRIWKH$53$1(7$V
$53$1(7ZDVDUHOLDEOHQHWZRUNWKDWKDVQRLQWHUIHUHQFHZLWKRWKHUQHWZRUNWKHUH
ZDV QR HUURU GHWHFWLRQ EXLOW RQ WKH FRPPXQLFDWLRQ SURWRFRO XVHG 1&3  (UURU
GHWHFWLRQ ZDV SULPDULO\ QHHGHG WR DOORZ GLIIHUHQW QHWZRUNV ZKLFK PLJKW KDYH
GLIIHUHQW VWUXFWXUHV WR FRPPXQLFDWHHIILFLHQWO\ 6R.DKDQGHFLGHG WREXLOGDQHZ
SURWRFRO VXLWDEOH IRU WKH ,QWHUQHWZKLFK HYHQWXDOO\ZDV FDOOHG7UDQVPLVVLRQ&RQWURO
3URWRFRO,QWHUQHW3URWRFRO7&3,3>/%&9@
 7KH ZLGHVSUHDG GHYHORSPHQW RI 3&V /$1V DQG ZRUNVWDWLRQV IURP WKH
EHJLQQLQJ RI WKH ¶V IROORZHG E\ WKH GHYHORSPHQW RI 'RPDLQ 1DPH 6\VWHPV
'16DQGODWHUIROORZHGZLWKWKHGHYHORSPHQWRIGLIIHUHQWURXWLQJDOJRULWKPVPDGH
SHRSOH WKLQN RI WUDQVIHUULQJ LWV XVDJH WR WKH KRVW VRIWZDUH HVSHFLDOO\ RSHUDWLQJ
V\VWHPV7KXVWKH8QL[RSHUDWLQJV\VWHPZDVILUVWDGDSWHGWRVXSSRUW7&3,3ZKLFK
LVLPSOHPHQWHGQRZLQDOOWKHZHOONQRZQRSHUDWLQJV\VWHPV>/%&9@




WKHUH DUH PDQ\ GLOHPPDV  $Q DSSOLFDWLRQ FRXOG VSDQ PRUH WKDQ  PRQWKV MXVW
EHFDXVHWKHPDQDJHPHQWVHHVWKDWDUWLVWLFJUDSKLFVDUHQRWVDWLVIDFWRU\RUFRORUVDUH
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)LJXUH7KH/LIH&\FOHRIDZHE$SSOLFDWLRQ>)3@
7KH GLDJUDP LQ )LJXUH  VKRZV WKH PRVW FRPPRQO\ XVHG DUFKLWHFWXUH IRU D ZHE
DSSOLFDWLRQ  $V QRWHG WKH LWHUDWLRQ RI UHTXLUHPHQWV DQDO\VLV SURWRW\SLQJ DQG
FRQFHSWXDOL]DWLRQ PD\ UHSHDW VHYHUDO WLPHV XQWLO WKH FXVWRPHU LV VDWLVILHG DQG
FRQFHSWVDUHFRQVROLGDWHG>)3@
 ,Q DGGLWLRQ WR WKH QRUPDO ZRUN LQ WKH 5HTXLUHPHQWV $QDO\VLV SKDVH ZKHUH
XVHUVDUH LGHQWLILHG WKHQDWXUHRI LQIRUPDWLRQ LVGHILQHGDQGWKHFXVWRPHUYLHZRI
WKHDSSOLFDWLRQ LVHVWDEOLVKHGDZHEDSSOLFDWLRQDGGVPRUHWR LW $V\VWHPDQDO\VW
VKRXOG LGHQWLI\ WKH W\SHRIDXGLHQFH WKDWZLOO LQWHUDFWZLWK WKHZHEDSSOLFDWLRQDQG
WKHLUH[SHFWHGEHKDYLRUZLWKPRUHWKDQRQHXVHFDVH+H6KHPD\WDUJHWPRUHWKDQ
RQHRXWSXWGHYLFH3&3DOP0RELOHHWF>)3@
 &RQFHSWXDOL]DWLRQ LV SULPDULO\ GLIIHUHQW IURP WKDW LQ QRUPDO LQIRUPDWLRQ
V\VWHPV7KHV\VWHPDQDO\VWKDVWRLGHQWLI\WKHREMHFWVDQGUHODWLRQVUHFRJQL]HGE\
WKHFXVWRPHUUHJDUGOHVVRIWKHLUUHSUHVHQWDWLRQRQWKHV\VWHP7KLVGRHVQRWPHDQ
WKDW WKH QRWDWLRQV WKDW WKH GHYHORSHU KDVEHFRPHXVHG WRZLOO FKDQJH KHVKHZLOO
VWLOOFRQWLQXHWRXVHWKHVDPHQRWDWLRQVWREXLOGKLVKHUVROXWLRQ>)3@
 3URWRW\SLQJ DQG YDOLGDWLRQ PDNHV WKH XVHU YLVXDOL]H WKH *8, RI WKH
DSSOLFDWLRQ  7KLV LV D VLPSOLILHG YHUVLRQ RI WKHZHE DSSOLFDWLRQZKLFK LV EXLOW YHU\
TXLFNO\WRFDSWXUHXVHUUHTXLUHPHQWVIRUWKHLQWHUIDFH$3URWRW\SHFDQEHEXLOWRYHU
D VPDOO FRQWH[W RI GDWD WR JHW D JHQHUDO XQGHUVWDQGLQJ RI WKH ZHE DSSOLFDWLRQ
+RZHYHU LW FRXOG DOVR EH D YHU\ JRRGPHWKRG WR DJUHHZLWK WKH FXVWRPHU RQ WKH
ILQDOSURGXFWDSSHDUDQFHDQGIXQFWLRQDOLW\>)3@
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RIWKHZKROHDSSOLFDWLRQ7KHDUFKLWHFWXUHRIWKHGDWDEDVHLVGHILQHGUHSUHVHQWDWLRQ
FODVVHVDQG IXQFWLRQVRI WKH FRGHDUHGHVLJQHGZLWKRXWJRLQJ LQWRGHWDLOVDQG WKH
*8, LVILQDOL]HGUHJDUGOHVVRIWKHFRQWHQW,GHDOO\WKHSKDVHVKRXOGEHFRPSOHWHO\
DQGDFFXUDWHO\GHVLJQHGEHIRUHJRLQJLQWRWKHLPSOHPHQWDWLRQSKDVH+RZHYHULWLV
DOPRVW LPSRVVLEOH WR EXLOG D ILQDO GHVLJQ IURP WKH ILUVW WLPH LWZLOOPRVW SUREDEO\
FKDQJHLQWKHLPSOHPHQWDWLRQSKDVH>)3@
 ,PSOHPHQWDWLRQZLOOXVH WKHGHOLYHU\ IURPWKHGHVLJQSKDVHZLWKVDPSOHVRI
FRQWHQWVSURYLGHGIURPGRPDLQH[SHUWVWREXLOGWKHILQDOSURGXFWXVLQJHJ+70/
-DYD $FWLYH; &*,  )URP QRZ RQ GHYHORSHUVZLOO VSHDNPRVW RI WKH WLPH DERXW
ORZHUOHYHOVRIGHWDLO2QHRIWKHPDMRUULVNVWKDWPD\PDNHDGHVLJQFKDQJHLQWKLV




LQ DUHDV WKDW ZHUH QRW FDUHIXOO\ WHVWHG RU SHUIRUPDQFH HQKDQFHPHQWV KDYH WR EH
DSSOLHG  +RZHYHU WKLV SKDVH VKRXOG QRW ODVW WRR ORQJ  $ JRRG ZHE DSSOLFDWLRQ
VKRXOGUHPDLQVWDEOHIRUDJRRGSHULRGRIWLPHEHIRUHDSSO\LQJQHZFKDQJHV>)3@
4.3 Analyzing A Web Application Performance 
4.3.1 Quantitative Analysis Cycle 
 $V ZHE DSSOLFDWLRQV DUH EHFRPLQJ DQ LQWHUDFWLRQ PHGLD EHWZHHQ WKH
FXVWRPHUV DQG WKH FRPSDQLHV SHUIRUPDQFH EHFRPHV D YHU\ LPSRUWDQW IDFWRU WKDW
GHILQHV FXVWRPHU H[SHULHQFH  7R HQVXUH D ZHE DSSOLFDWLRQ SHUIRUPDQFH LW LV
UHTXLUHGQRWWRIRFXVRQO\RQWKHDSSOLFDWLRQEXWDOVRRQWKHFXVWRPHUFRQQHFWLYLW\
7KH IROORZLQJ LV DQ VWHSV 4XDQWLWDWLYH $QDO\VLV &\FOH RI DQ (%XVLQHVV 6LWH
>*56$@
 (%XVLQHVV 6LWH $UFKLWHFWXUH ZKHUH WKH SDUWLFLSDWLQJ FRPSRQHQWV RI
VRIWZDUHKDUGZDUHDQGQHWZRUNVDUHVSHFLILHG
 0HDVXUH (%XVLQHVV 6LWH 3HUIRUPDQFH PHDVXUHPHQW LV QHHGHG IURP
GLIIHUHQWSHUVSHFWLYHV,WKDVWREHPHDVXUHGLQWHUQDOO\DSSOLFDWLRQVLGHDQG
H[WHUQDOO\FXVWRPHUVLGH
 &KDUDFWHUL]H&XVWRPHU%HKDYLRU %XLOG SURILOHV IRU FXVWRPHU FODVVHV WKDW
LQWHUDFW ZLWK WKH VLWH  7KLV DOORZV WKH VLWH RZQHU WR GHWHFW WKH UHVRXUFHV
QHHGHGE\HYHU\FODVV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 &KDUDFWHUL]HVLWHZRUNORDG (YHU\FODVVRIXVHUVSODFHGLIIHUHQWORDGRQWKH
VLWH  7R TXDQWLI\ ZRUNORDG UHVRXUFH GHPDQGV YLVLW IUHTXHQF\ VLWH
QDYLJDWLRQ DQG DQ\ RWKHU ORDG SDUDPHWHUV WKDW QHHG WR EH GHVFULEHG
SUHFLVHO\
 'HYHORS 3HUIRUPDQFH0RGHOV 3HUIRUPDQFH 0RGHOV ZLOO KHOS LQ GHWHFWLQJ
VLWHSHUIRUPDQFHXQGHUGLIIHUHQWYDULDQWFKDQJHVRIFRQILJXUDWLRQDSSOLFDWLRQ
QHWZRUNFRQQHFWLYLW\RUZRUNORDGOHYHOV
 2EWDLQ 3HUIRUPDQFH 3DUDPHWHUV 7KHVH SDUDPHWHUV DUH XVHG DV GLUHFW
LQSXW WR WKH SHUIRUPDQFHPRGHOV  6RPH RI WKH SDUDPHWHUV FDQ EH GLUHFWO\
PHDVXUHG OLNH WKH ,2 WLPH&38VSHHGHWF«2WKHUSDUDPHWHUVQHHG WREH
HVWLPDWHGOLNHWKHEDQGZLGWKEHWZHHQUHPRWHFOLHQWDQGWKHVLWH
 )RUHFDVW:RUNORDG (YROXWLRQ $QWLFLSDWLQJ WKH IXWXUH ZRUNORDG LV D YHU\
JRRGSUDFWLFH  ,W DOORZV WKH VLWH WRDYRLGGUDPDWLF IDLOXUHVGXH WRXQNQRZQ
SUREOHPV HVSHFLDOO\ RQ KRW HYHQWV ZKHUH ZRUNORDG LV H[SHFWHG WR EH YHU\






4.3.2 A Response Time Reference Model 
$ 5HVSRQVH 7LPH 5HIHUHQFH 0RGHO GHVFULEHV WKH GRZQORDG SURFHVV RI RQH
ZHEVLWH SDJH  ,W LV FRPSRVHG RI HLJKW VWDJHV  (YHU\ VWDJH LV D FRPSRQHQW WLPH
7KHVXPPDWLRQRIDOOWKHFRPSRQHQWWLPHVLVWKHUHVSRQVHWLPHIRUDZHEVLWHSDJH




 6WDUWLQJD:HE%URZVHU ,W LV DOVR WKH UHVSRQVLELOLW\ RI WKHXVHU WRJHW D
ZHEEURZVHUVWDUWHG
7KHUHIHUHQFHPRGHO¶VUHVSRQVHWLPHFRPSRQHQWVDUH>/&*5@
 '16 /RRNXS :KHUH GRPDLQ QDPHV DUH WUDQVODWHG LQWR WKHLU WDUJHW ,3
,QWHUQHW 3URWRFRO DGGUHVVHV  7KH%URZVHU VHQGVD UHTXHVW WR WKH ,QWHUQHW
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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WRJHW D VWDWLFZHESDJH WKHQ WKHZHE VHUYHU VHUYHV LW GLUHFWO\  ,Q FDVHRI
G\QDPLF SDJHV DGGLWLRQDO SURFHVVLQJ LV QHHGHG WR JHQHUDWH WKH SDJH  7KH
DGGLWLRQDOSURFHVVLQJPD\LQFOXGHRWKHUDSSOLFDWLRQVOLNHDSSOLFDWLRQVHUYHURU
GDWDEDVH
 5HGLUHFWLRQ ,W KDSSHQV ZKHQ WKH UHTXHVWHG SDJH LV QRW IHWFKHG EXW D





 &RQWHQW'RZQORDG 7KHEURZVHU WKHQH[DPLQHV WKH IHWFKHGSDJH WRFKHFN
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4.3.3 Hardware & Networking 











 7KH UHVSRQVH GDWD LV VHQW WKURXJK WKH 7&3,3 VWDFN ZKHUH LW LV VHQW DV
SDFNHWV






$V VHHQ IURP WKH DERYH VFHQDULR &38 0HPRU\ VHFRQGDU\ VWRUDJH DQG
QHWZRUNEDQGZLGWKDUHWKHPDLQERWWOHQHFNV&38FRXOGKDYHPDQ\RWKHUWDVNVWR
GRRWKHUWKDQWKRVHUHODWHGZLWKWKHKWWSSURFHVV6R&38XWLOL]DWLRQZLOOOLPLW
WKH KWWS FRQQHFWLRQ UDWH  ,I WKHUH LV QR OLPLW RQ WKH QXPEHU RI KWWS SURFHVVHV
FUHDWHG PRUH PHPRU\ PD\ EH QHHGHG  +RZHYHU LW LV QRW D ELJ SUREOHP DV
FRPSXWHUPHPRULHVFDQEHYHU\ODUJHQRZDGD\VHYHQIRUSHUVRQDOFRPSXWHUV7KH
VHFRQGDU\ VWRUDJH PD\ UHSUHVHQW VRPH GHOD\ LI WKHUH LV D SUREOHP ZLWK WKH
UHTXHVWHGILOH ,2 +RZHYHU LW LVQRW OLNHO\WRKDSSHQDVWKH,2RSHUDWLRQXVXDOO\
H[FHHGVWKHQHWZRUNEDQGZLGWK)LOHFDFKHVROXWLRQVGRVROYHWRDODUJHGHJUHHWKH
,2ERWWOHQHFN>3)'/@
+DUGZDUH UHGXQGDQF\ FDQ EH D JRRG VROXWLRQ IRU KHDY\ ORDGHG ZHE
DSSOLFDWLRQV  +DUGZDUH UHGXQGDQF\PHDQV WKDW LI D ZHE VHUYHU LV ORFDWHG RQ RQH
PDFKLQH DQRWKHU ZHE VHUYHU FRXOG FRH[LVW WR VKDUH WKH UHVSRQVLELOLW\ ZLWK WKH
FXUUHQWRQH +DUGZDUH UHGXQGDQF\FDQEHRQ WKHPDFKLQH OHYHOZKHUHPRUH&38V
FRXOGEHDGGHG LISRVVLEOH 2U LWFDQEHDFRPSOHWH ORDGEDODQFLQJVROXWLRQZKHUH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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PRUH WKDQ RQH PDFKLQH FDQ VKDUH UHVSRQVLELOLW\  6KDULQJ UHVSRQVLELOLW\ FRXOG EH









PDQ\SDUWLHVZLOO VKDUHXQWLO LWJRHVRQGXW\ 7KHFRPPRQDUFKLWHFWXUH IRUDZHE
DSSOLFDWLRQLVFRPSRVHGRI




 :HE$SSOLFDWLRQ ZKLFK LV WKH EXVLQHVV ORJLF WKDWZLOO GHFLGHRQ WKH W\SH
DQGDPRXQWRILQIRUPDWLRQWKDWWKHXVHUZLOOUHFHLYH
 5'%06 ZKHUH LQIRUPDWLRQ LV VWRUHG WR EH UHWULHYHG ODWHU E\ WKH ZHE
DSSOLFDWLRQ
2WKHUFRPSRQHQWVFRXOGEHXVHGZLWKWKHDSSOLFDWLRQVHUYHUDVQHHGHG
)LJXUH  )RUH[DPSOH WKHZHEDSSOLFDWLRQ FRXOGXWLOL]HD UHSRUWLQJ VHUYHU
WKDWIHWFKHVLQIRUPDWLRQIRUWKHGDWDEDVHDQGJHQHUDWH+70/UHSRUWVZLWKFKDUWV$










7KHPDLQ MRERI WKH+773ZHEVHUYHU LV WR UHVSRQG WRXVHU UHTXHVWV WKDWDUH
XVXDOO\LQ+773IRUPDW7KHZHEVHUYHULVLGHDOO\DILOHVHUYHUWKDWUHVSRQGVWKURXJK
D SUHGHILQHGSURWRFRO+7733URWRFRO:KDWHYHUWKHUHTXHVWLVWKHZHEVHUYHUZLOO
FRQWDFW RWKHU SDUWLFLSDWLQJ VHUYHUV WR EXLOG XS WKH SDJH LQ FDVH LW KDV G\QDPLF
FRQWHQWRUIHWFKLWGLUHFWO\LQFDVHLWLVVWDWLF(DFK+773UHTXHVWSURFHHGVWKURXJK
IRXU VXFFHVVLYH SKDVHV 7&3 &RQQHFWLRQ +773 3URFHVVLQJ 6( 6FULSW (QJLQH
























network TCP/IP flow control 
client
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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WKH VHUYHU WR WKH QHWZRUN 7KLV VXEV\VWHP LV KLJKO\ GHSHQGHQW RQ WKH RSHUDWLQJ
V\VWHP>+5(:@
7XQLQJ WKH +773 ZHE VHUYHU FRXOG EH RI JUHDW KHOS LQ HQKDQFLQJ WKH
SHUIRUPDQFHRIDZHEVLWH 7KHUHDUHDGLIIHUHQWQXPEHURI+773VHUYHUVWKDWKDYH




:HE DSSOLFDWLRQV VWDUWHG ZLWK VWDWLF SDJHV WR VKRZ GDWD WKDW DUH VWDWLF E\
QDWXUH+RZHYHUWKHUHZDVDORWRILQIRUPDWLRQWKDWZDVLPSRUWDQWWRVKRZXSDQG
DWWKHVDPHWLPHPXVWEHNHSWLQLWVGDWDEDVHIRUPDW'DWDZDVQRWWKHRQO\PRWLYH




7KHDSSOLFDWLRQVHUYHU LV LQVWDOOHGZLWK WKHZHEVHUYHUDVDSOXJLQ  ,WZRUNV
PDLQO\DVDVFULSWHQJLQHWKDWLVUHVSRQVLEOHIRULQWHUSUHWLQJWKHORJLFZULWWHQLQVLGH
WKHUHTXHVWHGSDJHV7KHUHDUHPDQ\VFULSWWHFKQRORJLHVOLNH&*,-63-DYD6HUYHU
3DJHV $63 $FWLYH 6HUYHU 3DJHV  7KH VFULSW LV VXSSRVHG WR GR VRPH ORJLF
FRQQHFWLQJ WR GDWDEDVH RU FDOOLQJ WKLUG SDUW\ VRIWZDUH  7KH ILQDO SURGXFW RI DQ\
VFULSW LV +70/ RU DQ\ NLQG RI WH[W WKDW WKH EURZVHUV FDQ UHQGHU  7KH DSSOLFDWLRQ
VHUYHULVPDLQO\DFRQWDLQHUIRUZHEDSSOLFDWLRQV,WKDVD/LVWHQ4XHXHWKDWUHFHLYHV
UHTXHVWV IURP WKH ZHE VHUYHU WKHQ LW GLVSDWFKHV LW WR WKH SURSHU ZHE DSSOLFDWLRQ





UHTXLUHPHQWV DQDO\VLV GHVLJQ LPSOHPHQWDWLRQ DQG WHVWLQJ  7KH ZHE DSSOLFDWLRQ
FRXOGEHEXLOWRYHUDGDWDEDVHRURWKHULQIUDVWUXFWXUH7KHXQLTXHIHDWXUHRIWKHZHE
DSSOLFDWLRQ LV WKDW LW KDV WR DOZD\V UHFHLYH +773 UHTXHVWV DQG LWV REMHFWV FDQ EH
DFFHVVHGE\PXOWLSOHWKUHDGV
2EMHFWV FDQ EH VLQJOHWKUHDGHG RU PXOWLWKUHDGHG  $ VLQJOHWKUHDGHG REMHFW
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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FDQRQO\EHDFFHVVHGWKURXJKLWVPHWKRGVE\DVLQJOHGHGLFDWHGWKUHDG,IDQRWKHU
WKUHDGQHHGVWRDFFHVVWKHREMHFW WKHQ LWKDVWRUHTXHVW LW IURPWKHRZQHUWKUHDG
,QFRQWUDVWPXOWLWKUHDGHGREMHFWVQHHGQRWKDYHDQRZQHUWKUHDG7KHREMHFWFDQ
EH DFFHVVHG E\PXOWLSOH WKUHDGV FRQFXUUHQWO\  7KHUH LV QR JXDUDQWHH DV WRZKLFK
WKUHDGFDQH[HFXWHZKLFKPHWKRGDQGQRJXDUDQWHHZKLFKWKUHDGZLOO UXQ ILUVW $
0XOWLSOHWKUHDGHGPRGHOFDQOHDGWRLPSURSHUUHVRXUFHXWLOL]DWLRQLILWLVQRWKDQGOHG
FDUHIXOO\>05(:@
2EMHFWV FDQ EH DOVR FODVVLILHG E\ WKHLU VFRSHV  2EMHFWV FDQ OLYH GXULQJ WKH
VFRSHRIWKHDSSOLFDWLRQ,QRWKHUZRUGVLWLVDJOREDOREMHFWWKDWFDQEHXVHGE\DOO
WKH UHTXHVWLQJ WKUHDGV  2QO\ D VLQJOH LQVWDQFH RI D WKUHDG FDQ H[LVW GXULQJ WKH
DSSOLFDWLRQ OLIHWLPH 7KHREMHFW FDQDOVRH[LVWGXULQJ WKH VFRSHRI WKH WUDQVDFWLRQ






$OPRVW DOO PRGHUQ ZHE DSSOLFDWLRQV DUH GHSHQGHQW RQ 5'%06 5HODWLRQDO





7KH QHHG IRU GDWDEDVH WXQLQJ EHFRPHV YHU\ FOHDU DW WKLV VWDJH  $ ORW RI
WHFKQLTXHV DUH YHU\ ZHOO NQRZQ IRU 'DWDEDVH $GPLQLVWUDWRUV E\ ZKLFK WKH\ FDQ
HQKDQFHWKHGDWDEDVHSHUIRUPDQFHUHJDUGLQJWKHJLYHQFDSDELOLWLHVRIWKHKDUGZDUH
7KHJRDOIRUWKHWXQHULVWRHOLPLQDWHWKHERWWOHQHFNVPLQLPL]HWKHKDUGGLVNDFFHVV
DQG JXDUDQWHH ORZ UHVSRQVH WLPH  7KH WXQHU FDQPRGLI\ WDEOH GHVLJQ VHOHFW QHZ
LQGLFHV UHDUUDQJH WUDQVDFWLRQV WDPSHU ZLWK WKH RSHUDWLQJ V\VWHP RU XWLOL]H DQ\
RWKHUWHFKQLTXHWKDWHQKDQFHVWKHSHUIRUPDQFH>6+$6+$@
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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62)7:$5(48$/,7<$1'7(67,1*
$Q\ TXDOLW\ VRIWZDUH V\VWHP KDV WR SDVV WKURXJK VRIWZDUH TXDOLW\ FKHFN DQG
WHVWLQJVFHQDULRVEHIRUH LWVUHOHDVHIRUSXEOLFXVH6RIWZDUHTXDOLW\ LVWKHJXLGDQFH
RQKRZWRGHVLJQDQGFRGH WR LPSURYHSURJUDPXQGHUVWDQGDELOLW\DGDSWDELOLW\DQG
GHFUHDVH IDXOWV >%-$5@  $OO VRIWZDUH GHYHORSPHQW VWDJHV KDYH TXDOLW\
PHDVXUHPHQW IDFWRUV WKDW PXVW EH PHW IURP WKH ILUVW VWDJH RI FROOHFWLQJ
UHTXLUHPHQWV XS XQWLO WKH PDLQWHQDQFH SKDVH ZKHUH PHDVXUHPHQWV VXFK DV
UHOLDELOLW\ FRPSOH[LW\ DQG UHXVDELOLW\ KDYH WR EH FRQVLGHUHG  7KHVH IDFWRUV KDYH
FULWHULD WKDW DUH PHDVXUHG OLNH FRPSOHWHQHVV FRUUHFWQHVV DQG VL]H >/.=6@
7HVWLQJ LV WKH FKHFNLQJ SURFHVV WKDW JXDUDQWHHV WKDW WKH VRIWZDUH PHHWV LWV
VSHFLILFDWLRQDQG WKHQHHGVRI WKHFXVWRPHU>6,@  ,WJRHVEH\RQGYDOLGDWLRQDQG




DQG WHVWLQJ PHWKRGV XVHG LQ &KDSWHU   &KDSWHU  FRQWDLQV DQDO\VLV LQIRUPDWLRQ
DERXW WKH VXJJHVWHG GHVLJQ SDWWHUQV WKDW WKH UHDGHUZRXOG EH EHWWHU SUHSDUHG IRU
DIWHUUHDGLQJWKLVFKDSWHU,WGUDZVWKHUHDGHU¶VDWWHQWLRQVRWKDWKHVKHFDQGHFLGH
RQWKHYDOLGLW\RIWKHVXJJHVWHGGHVLJQSDWWHUQV
5.1 Software Design Quality 
%XLOGLQJ VRIWZDUH LV VLPLODU WR FRQVWUXFWLQJ D EXLOGLQJ  ,I WKH EXLOGLQJ LV
FRQVWUXFWHG IURPJRRGPDWHULDO DQGKDV DJRRGDUFKLWHFWXUH LWZLOO UHPDLQHYHQ LI
WKHUHLVDQHDUWKTXDNH:HFDQQRWDFFHSWDQ\IDXOWLQDFRQVWUXFWLRQVLQFHWKLVPD\
OHDG WRGHDWKRI WKRXVDQGVRISHRSOH 7KHFDVH LV VLPLODUZLWK VRIWZDUHGHVLJQ LQ
ZKLFKH[WHUQDOIXQFWLRQDOLW\LVDFKLHYHGE\LQWHUQDOGHVLJQ+RZHYHULWLVDOPRVWWKH
WUHQG RI PRVW RI WKH GHYHORSHUV QRW WR KDYH D JRRG GHVLJQ DV ORQJ WKH ZRUN LV
ILQLVKHGXSDQGWKHV\VWHPVSHFLILFDWLRQVDUHVDWLVILHG6RIWZDUHWKDWKDVDJRRGDQG
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 &RRSHUDWLRQ 6RIWZDUH PXVW EH DEOH WR ZRUN VXFFHVVIXOO\ ZLWK WKH
VXUURXQGLQJ HQYLURQPHQW DQG DGDSW LWVHOIZLWK WKH DYDLODEOH UHVRXUFHV  )RU
H[DPSOH JRRG VRIWZDUH PXVW OLYH ZLWK VWRUDJH DUHDV WKDW FRXOG EH VKDUHG
ZLWKRWKHUV 7KLVPHDQV IRUH[DPSOH WKDW WKH ORJ ILOHV WKDWDUHJHQHUDWHG
GXULQJLWVOLIHWLPHPXVWEHUHPRYHGDIWHUDFHUWDLQSHULRGRIWLPHRUEDFNHG
XSVRPHZKHUH




 6\VWHPPLQLPDOLW\ $ ZHOOGHVLJQHG VRIWZDUHPXVW EH DEOH WR XWLOL]H WKH
H[LVWLQJ OLEUDULHV  ,W LV WKHUHVSRQVLELOLW\RI WKHGHYHORSHUWRXQGHUVWDQGWKH
H[LVWLQJV\VWHPVLQRUGHUWRPDNHXVHRILWVFDSDELOLWLHV
 &RPSRQHQW VLQJXODULW\ 7KH GHYHORSHU KDV WR GHFLGH RQ WKH VRIWZDUH
FRPSRQHQW¶V MRE DQG LW VKRXOG QRW EH RYHUORDGHG ZLWK XQQHFHVVDU\
IXQFWLRQDOLW\  )RU H[DPSOH WKH FRPSRQHQW WKDW LV GRLQJ ,2 VKRXOG QRW
LQYROYHRWKHUIXQFWLRQDOLW\OLNHJUDSKLFVXWLOLWLHV
 )XQFWLRQDO ORFDOLW\:KHUH UHODWHG LWHPV DUH SODFHG WRJHWKHU  7KLVPDNHV
VHQVHDQGPDNHV WKHGHYHORSPHQWZRUNPXFKHDVLHUVLQFHWKHGHYHORSPHQW
WHDPZLOOVKDUHWKHVDPHWHUPLQRORJ\%XJIL[LQJLVYHU\HDV\DVZHOOVLQFH
FRGH UHSODFHPHQW ZLOO EH LQ RQH SODFH  )RU H[DPSOH D -DYD SURMHFW PD\
FRQWDLQRQHSDFNDJHWKDWFRQWDLQVDOO,2FODVVHVWRJHWKHU8SJUDGLQJWKH,2




DQG UHDGDEOH  2YHUDOO WKLV OHWV RWKHU GHYHORSHUV WR PDLQWDLQ WKH FRGH
&RPPHQWVKDYHWREHZULWWHQZKHQHYHUSRVVLEOHWRFODULI\WKHYDJXHSDUWV
7. 6LPSOLFLW\ 6LPSOLFLW\ LV WKH DUW RI ILQGLQJ VLPSOH VROXWLRQV IRU FRPSOH[
SUREOHPV  6LPSOH VRIWZDUH GHVLJQ LV PXFK HDVLHU WRPDLQWDLQ DQGPRGLI\
6LPSOH VRIWZDUH KDYH IHZHU EXJV UXQ IDVWHU DUH VPDOOHU LQ VL]H DQG DUH
HDVLHUWRIL[ZKHQEURNHQ 
7KHGHVLJQSURFHVVLVWKHPRGHOWKDWFDSWXUHVWKHGRPDLQSUREOHPDQGUHIOHFWV
FXVWRPHU¶V UHTXLUHPHQWV  ,W LV WKH FRQFHSWXDO VROXWLRQ WKDW ZRUNV DV D EDVH IRU
LPSOHPHQWDWLRQ 'HVLJQZLWK DQDO\VLV LV FRQVLGHUHG WKHPRVW LPSRUWDQW SKDVHRI
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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WKH VRIWZDUH GHYHORSPHQW OLIHF\FOH  ([SHULHQFH VKRZV WKDW D IDXOW LQ WKH GHVLJQ
SKDVHFDQFRVWWKRXVDQGVFRPSDUHGWRDIDXOWLQWKHLPSOHPHQWDWLRQSKDVH$ZHOO
GHVLJQHG VRIWZDUHPDNHVPDLQWHQDQFH HQKDQFHPHQW DQG VXSSRUW UHSODFHPHQW DQ
HDV\SURFHVV>/.=6@
7KH PRVW LPSRUWDQW IDFWRUV LQIOXHQFLQJ REMHFWRULHQWHG VRIWZDUH GHVLJQ DUH
5HOLDELOLW\&RPSOH[LW\DQG5HXVDELOLW\5HOLDELOLW\LVWKHPRVWLPSRUWDQWIDFWRUDVLW
LVQRWDFFHSWHGWRGHOLYHUVRIWZDUHWKDWIDLOVRQUHJXODUEDVLV,WLVDPHDVXUHRIKRZ
ZHOO XVHUV WKLQN LW SURYLGHV WKH VHUYLFHV WKDW WKH\ UHTXLUH >6,@ &RPSOH[LW\ LV
PHDVXUHG E\ WKH SHUVRQDO H[SHULHQFH DQG WKH GHVLJQ PHWKRG XVHG  ,W LV DOZD\V
HPSKDVL]HGWKDWVLPSOLFLW\PXVWEHWDNHQDVDGHVLJQJRDO,WLVDOUHDG\LQKHULWHGLQ
REMHFWRULHQWHG GHVLJQ DV LPSOHPHQWDWLRQ DOPRVW GLUHFWO\ PDSV WKH GHILQLWLRQV RQ
GHVLJQ FRQFHSWV RQ WKH LPSOHPHQWDWLRQ ODQJXDJH  5HXVDELOLW\ PD\ QRW EH D
PHDVXUHPHQW IDFWRU LQVPDOOSURMHFWV +RZHYHU ODUJHSURMHFWV WKDWUHXVHPRGXOHV
RUREMHFWVDUHUHJDUGHGRIDEHWWHUTXDOLW\>/.=6@
7KH PDLQ FULWHULD E\ ZKLFK UHOLDELOLW\ LV PHDVXUHG DUH FRUUHFWQHVV DQG
FRPSOHWHQHVV 7KLVPHDQV WKDWDGHVLJQ LVFRUUHFWO\DQGFRPSOHWHO\FDSWXULQJDQG
UHSUHVHQWLQJWKHXVHU¶VUHTXLUHPHQWV7KHUHDUHRWKHULPSRUWDQWFULWHULDOLNH>583@














7KH PDLQ REMHFWLYH RI WHVWLQJ LV WR ILQG HUURUV LQ D FHUWDLQ V\VWHP  7KH
VXFFHVVIXOWHVWLVWKHRQHWKDWILQGVWKHHUURUVWKDWKDYHQRWEHHQQRWLFHGDWDOO7KH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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GHYHORSHU KDV WR GR KLV EHVW WR EXLOG WHVWV WKDW XQFRYHU HUURUV V\VWHPDWLFDOO\ LQ D
PLQLPXPDPRXQWRI WLPH 7HVWLQJDVVXUHVWKDWVRIWZDUH LQWHQGHGIXQFWLRQDOLW\DUH
PHW DV WKH\ DUH GHVLJQHG SHUIRUPDQFH UHTXLUHPHQWV DUH PHW DQG DVVXUH WKH
V\VWHPTXDOLW\DQGUHOLDELOLW\>7(67@
 7HVWLQJLVGLYLGHGLQWREODFNER[DQGZKLWHER[WHVWLQJ%ODFNER[WHVWLQJLV
XVXDOO\ FRQGXFWHG ZKHQ WKHUH LV D FRPSRQHQW ZLWK FHUWDLQ VSHFLILFDWLRQV  ,W LV
HQRXJKWRYHULI\WKDWWKHVSHFLILFDWLRQVDUHIROORZHGXSVWULFWO\:KLWHER[WHVWLQJLV
XVXDOO\ GRQH WR YHULI\ WKDW D FRPSRQHQW LV FRQIRUPLQJ WR D GHVLJQ  6\VWHPV WKDW
KDYHDVPDOOQXPEHURIOLQHVRIFRGHFDQJLYHDYHU\KXJHQXPEHURIWHVWFDVHVWKDW
FDQQRWDOOEHFKHFNHG>7(67@
7KH WHVWLQJ SURFHVV FRQVLVWV RI WKUHH PDLQ VWDJHV &RPSRQHQW 7HVWLQJ
,QWHJUDWLRQ 7HVWLQJ DQG 8VHU 7HVWLQJ  $OO V\VWHPV PXVW SDVV WKURXJK DOO WKHVH
VWDJHVH[FHSWIRUVPDOORQHV7KH\DUHIXUWKHUGLYLGHGLQWRILYHVWDJHVDVVKRZQLQ






W\SHV LVZRUNLQJ DFFRUGLQJ WR LWV VSHFLILFDWLRQVZLWKRXW RWKHU SDUWV RI WKH V\VWHP
6XEV\VWHPV LV FRQVLVWHQW RI FROOHFWLRQV RI PRGXOHV WKDW FRPSRVH WKH VXEV\VWHP
LQWHUIDFH  7KH PRVW FRPPRQ SUREOHPV LQ VXEV\VWHP WHVWLQJ DSSHDU IURP VXE
V\VWHPLQWHUIDFHPLVPDWFKVLQFHHYHU\VXEV\VWHPFRXOGEHLQGHSHQGHQWO\GHVLJQHG
DQGLPSOHPHQWHG6\VWHPWHVWLQJLVPDLQO\FRQFHUQHGZLWKWHVWLQJWKHLQWHJUDWLRQRI
WKHGLIIHUHQW VXEV\VWHPVDQG V\VWHPFRPSRQHQWV 6\VWHP WHVWLQJKDV WR FRQILUP
WKDW IXQFWLRQDODQGQRQIXQFWLRQDOUHTXLUHPHQWVDUHPHW 7KHILQDOVWDJHFRPHVDW
WKH XVHU DFFHSWDQFH WHVWLQJ ZKHUH XVHUV SURYLGH UHDO GDWD YDOLGDWH XVHU
UHTXLUHPHQWVDQGH[HUFLVHV\VWHP¶VSHUIRUPDQFH>6,@
$QREMHFWRULHQWHGDSSOLFDWLRQKDVD WHVWLQJPRGHOZKHUHHYHU\XQLW LV WHVWHG
VHSDUDWHO\:KHQLQWHJUDWHGZLWKRWKHUVWKH\KDYHWREHWHVWHGDJDLQ7KHV\VWHP
VWDUWVZLWK VLPSOH FRPSRQHQWV WKDWDUH WHVWHGVHSDUDWHO\ 6LPSOH FRPSRQHQWVDUH
LQWHJUDWHGZLWK HDFK RWKHU WR IRUPPRGXOHV 0RGXOHV DUH LQWHJUDWHG WR IRUP VXE
V\VWHPV6XEV\VWHPVDUHILQDOO\LQWHJUDWHGWRIRUPWKHFRPSOHWHV\VWHP7KHOHYHO
RI LQWHJUDWLRQ LV OHVVYLVLEOH LQREMHFWRULHQWHGDSSOLFDWLRQV 'DWDDQGPHWKRGVDUH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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IRUPHGWREXLOGDQREMHFW7HVWLQJDQREMHFWFRUUHVSRQGVWRXQLWWHVWLQJLQILJXUH




5.2.1 Testing for Reliability 
5HOLDELOLW\LVWKHPDLQIDFWRUE\ZKLFKDV\VWHPFDQJHWLWVXVHUV¶DFFHSWDQFH$
XVHUFDQDFFHSWDQLQDFFXUDWHUHVXOWIURPWKHV\VWHPEXWKHFDQQHYHUOLYHZLWKKLV




VWLPXOXVUHVSRQVH WLPH RU WKH DYDLODELOLW\ RI WKH V\VWHP  7KHUH DUH D QXPEHU RI
JRDOVWKDWWKHGHYHORSHUKDVWRDVVHVVZKHQGRLQJSHUIRUPDQFHWHVWLQJ>9):(@
 7HVWFDVHVDUHGHVLJQHGIRUSHUIRUPDQFHWHVWLQJQRWIRUIXQFWLRQDOWHVWLQJ








Component Testing           Integration Testing   User Testing 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 7KHPDWULFHVQHHGHGWRDVVHVVWKHHIIHFWLYHQHVVRIGLIIHUHQWWHVWVWUDWHJLHV
 'HILQH WKH UHODWLRQEHWZHHQ WHVWVWUDWHJLHV LQRUGHU WR WHOOKRZRQHVWUDWHJ\
FRXOGEHEHWWHUWKDQDQRWKHU




GLVN ,2 DFFHVV GDWDEDVH DFFHVV UDWH DQG VR RQ  1RWH WKDW LW LV VRPHWLPHV
LPSRVVLEOH WR VDWLVI\ DOO WKH UHVRXUFH UHTXHVWV  )RU H[DPSOH WKHUH PLJKW EH D
UHTXHVW WRPLQLPL]H WKHKDUGGLVN VSDFHDQGPLQLPL]H WKHPHPRU\XVDJHDVZHOO
ZKLFKPD\QRWEHDSSOLHGLQPRVWRIWKHFDVHV>9):(@
 ,QRUGHU WRGRJRRGSHUIRUPDQFH WHVWLQJSHUIRUPDQFHUHTXLUHPHQWVKDYHWR
EH JDWKHUHG IURP WKH XVHUV  7KHUH VKRXOG EH D YHU\ FOHDU VSHFLILFDWLRQ GRFXPHQW
WKDWFOHDUVRXWDOOWKHSHUIRUPDQFHWHVWVWKDWVKRXOGEHFRQGXFWHG)RUH[DPSOHWKH
GRFXPHQW PD\ LQFOXGH VLPXOWDQHRXV DFFHVV ORDG WHVWLQJ DYDLODELOLW\ XQGHU ORDG




V\VWHP IDLOV WR HQVXUH µIDLOVRIWµ FRQFHSW DQG VKRZ XS KLGGHQ GHIHFWV  )DLOVRIW
FRQFHSWHQVXUHVWKDWWKHV\VWHPZLOOQRWFDXVHGDWDFRUUXSWLRQRUXQH[SHFWHGORVVRI
XVHUVHUYLFHVLIWKHV\VWHPIDLOVXQGHUDEQRUPDOFLUFXPVWDQFHVRIXQH[SHFWHGHYHQWV
0RUHRYHU VWUHVV WHVWLQJ PD\ VKRZ GHIHFWV WKDW PLJKW QRW DSSHDU LQ QRUPDO
FLUFXPVWDQFHV$OWKRXJK,WFRXOGEHDUJXHGWKDWWKHVHFDVHVFRXOGUDUHO\RFFXULWLV
LPSRUWDQWWRNQRZZKDWVWUHVVWHVWLQJZLOOFRPHXSZLWK$PDMRUGHIHFWWKDWVWUHVV
WHVWLQJ FRXOG VKRZ LW HDUO\ LVPHPRU\ OHDN  $Q DSSOLFDWLRQPD\ SHUIRUPSHUIHFWO\
XQGHUQRUPDOFLUFXPVWDQFHVRULILWLVPRVWRIWKHWLPHUXQQLQJLQDFHUWDLQSDWK$
PHPRU\ OHDN FRXOG RFFXU RQ WKH ORQJ UXQ ZKLFK FDQ FDXVH RI FRXUVH GDWD ORVV
6WUHVVWHVWLQJFRXOGVKRZWKLVGHIHFWYHU\HDUO\>6,@
5.2.2 Testing Strategies 
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 7RSGRZQWHVWLQJZKHUHWHVWLQJLVVWDUWHGIURPPRVWDEVWUDFWFRPSRQHQWVWR
WKHERWWRP
 %RWWRPXS WHVWLQJZKHUHWHVWLQJVWDUWV IURPWKHVPDOOHUFRPSRQHQWVWRWKH
WRS
 7KUHDG WHVWLQJ ZKLFK LV XVHG IRU V\VWHPV WKDW H[HFXWH WUDQVDFWLRQV RQ
PXOWLSOHSURFHVVHVRUWKUHDGV
:KDWHYHU WHVWLQJ VWUDWHJ\ LV DGRSWHG LW SUHIHUUHG WR GR WHVWLQJ LQFUHPHQWDOO\
WKURXJKVXEV\VWHPWKHQV\VWHPWHVWLQJ
7RSGRZQ WHVWLQJ LV H[HFXWHG WKURXJK YHULI\LQJ KLJKOHYHO LQWHUIDFHV WKHQ
EUHDNLQJGRZQDQGLPSOHPHQWLQJWKHORZHUOHYHOFRPSRQHQWVDQGWHVWLQJWKHP,W¶V
LPSRUWDQW WR QRWH WKDW WRSGRZQ WHVWLQJ LV FRXSOHG ZLWK WRSGRZQ SURJUDPPLQJ
ZKHUHWHVWLQJLVDOZD\VGRQHZLWKQRKDUGVHSDUDWLRQ7KHPDLQDGYDQWDJHRIWRS
GRZQ WHVWLQJ LV WKDW LW HQVXUHV D YHU\ HDUO\ OLPLWHG YHUVLRQ RI WKH V\VWHP  7KLV
GHPRQVWUDWHVWKHIHDVLELOLW\RIWKHV\VWHPWRWKHPDQDJHPHQW9DOLGDWLRQDVGLVWLQFW
IURPYHULILFDWLRQZLOOEHDYDLODEOHDOVRWRWKHXVHUVZKHUHIHHGEDFNFRXOGEHFDSWXUHG
LQHDUO\ VWDJHVRIGHYHORSPHQW +RZHYHU VWULFW WRSGRZQ WHVWLQJ LVQRWDSSOLFDEOH
EHFDXVH LW LV UHDOO\GLIILFXOW WRVLPXODWHDOO WKH LQWHUIDFHV  ,WDOVRUHTXLUHVIURPWKH
XVHUWRIHHGWKHV\VWHPZLWKYDOLGLQSXWVDQGWKHV\VWHPPXVWVLPXODWHYDOLGUHSOLHV
,WPD\EHDOVRYHU\GLIILFXOWWRVLPXODWHYHU\FRPSOH[URXWLQHVZLWKGLYHUVLILHGUHWXUQ
YDOXHV  7KLV UHTXLUHV D YHU\ JRRG NQRZOHGJH RI WKH ILQDO UHVXOWV DQG WKHLU
FDOFXODWLRQVZKLFKPD\QRWEHDYDLODEOHLQWKHHDUO\VWDJHV2EMHFWRULHQWHGV\VWHPV
FDQ DGRSW WKLV VWUDWHJ\ RQ WKH OHYHO RI FRPSRQHQWV EXW LW FDQQRW EH DSSOLHG WR
V\VWHPVWKDWDUHFRPSRVHGRIREMHFWVZKLFKDUHXVXDOO\EXLOGLQJXSWKHV\VWHPIURP
ERWWRPWRWRS>6,@
2Q WKH RWKHU KDQG ERWWRPXS WHVWLQJ ZRUNV ILUVW RQ WKH OHYHO RI WKH
IXQGDPHQWDOFRPSRQHQWVDQGWKHQEXLOGWKHORZHUOHYHOFRPSRQHQWVWRPDNHXSWKH
KLJKHU OHYHOV WKHQ WHVWLQJ LV UHSHDWHG RYHU WKH QHZ RQHV  7HVWLQJ GULYHUV ZKLFK
VLPXODWH WKH HQYLURQPHQW EHKDYLRU KDYH WR EH DOZD\V LPSOHPHQWHG WR YHULI\ WKH
FRPSRQHQWV VSHFLILFDWLRQV  &RPELQLQJ WRSERWWRP GHYHORSPHQW ZLWK ERWWRPXS
WHVWLQJ UHTXLUHV DOPRVW WKH ZKROH V\VWHP LPSOHPHQWHG EHIRUH WHVWLQJ FDQ EHJLQ
$UFKLWHFWXUDOSUREOHPVDUHPRVWOLNHO\WRDSSHDUDQGFRGHUHZULWLQJPD\EHUHTXLUHG
ZKLFK OHDGV WR VWDULQJ WHVWLQJ IURP WKH EHJLQQLQJ  +RZHYHU ERWWRPXS WHVWLQJ LV
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P3 P2 P4 I1 (P3) O1 (P4)
P1 P2 P5 I2 (P1) O1 (P5)
I1 (P1)
I3 (P1)







DQG H[SHFWHG RXWSXWV  +RZHYHU WKH PRVW H[HUFLVHG RQHV PXVW EH WHVWHG YHU\
FDUHIXOO\7KUHDGWHVWLQJVKRXOGVWDUWILUVWE\LGHQWLI\LQJDVPDQ\WKUHDGVDVSRVVLEOH
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& K D S W H U   
5(/$7(':25.
7KLV FKDSWHU SDYHV WKH ZD\ IRU WKH VXJJHVWHG GHVLJQ SDWWHUQV ZKLFK ZLOO EH
SUHVHQWHG LQ WKH QH[W FKDSWHU ,W GLVFXVVHV VRPH RI WKH RIIHUHG VROXWLRQV WKDW DUH
UHODWHG WR WKHVHSDWWHUQV 7KH IRFXVKHUH LV RQ VROXWLRQVZKLFKGRQRW KDYH WREH
GHVLJQ SDWWHUQV EXW GR WDFNOH SUREOHPV IRU ZHE DSSOLFDWLRQV LQ JHQHUDO DQG
SHUIRUPDQFH SUREOHPV LQ SDUWLFXODU  7KH\ FRXOG EH VROXWLRQV WKDW GLVFXVV WKH
SUREOHPV RI WKH VXJJHVWHG GHVLJQ SDWWHUQV IURP D GLIIHUHQW SHUVSHFWLYH  7KH
SXUSRVH LV QRW WR FRPSDUH RWKHUV¶ VROXWLRQV WR WKH VXJJHVWHG GHVLJQ SDWWHUQV EXW
UDWKHUWRJLYHDQRYHUYLHZRIUHODWHGUHVHDUFKZRUNDQGFRQWULEXWLRQVDQGWRSURYLGH
D ZLGHUFRQWH[WRIXQGHUVWDQGDELOLW\
6.1 Active Query Caching for Database Web Servers 
7KH ZRUN RQ $FWLYH 4XHU\ &DFKLQJ >/41-@ SUHVHQWV D VROXWLRQ IRU FDFKLQJ
G\QDPLFFRQWHQWRQSUR[LHV7KH\PDLQO\UHWULHYHGDWDEDVHTXHULHVWKURXJKD-DYD
$SSOHW :HEFDFKLQJSUR[LHVDUH WKHPDLQVROXWLRQ IRUHQKDQFLQJZHEDSSOLFDWLRQV
SHUIRUPDQFH QRZDGD\V  +RZHYHU WKH\ FDQQRW KDQGOH G\QDPLF FRQWHQW VLQFH WKH\
FDFKHRQO\VWDWLFILOHV7KHFROODERUDWLRQVFKHPHJRHVDVIROORZVEHWZHHQWKHDFWLYH
SUR[\DQH[SHULPHQWDOSUR[\DQGWKHZHEVHUYHU>/41-@




)LJXUH  VKRZV WKH DUFKLWHFWXUH RI WKH VROXWLRQ ZKLFK LQYROYHV D FOLHQW D
SUR[\DQGDVHUYHU7KHFOLHQWVHQGVDTXHU\UHTXHVWWKURXJKWKHIURQWHQGZKLFKLV




SUR[\ ,I WKH VDPHTXHU\ LV FDOOHG DJDLQ WKH SUR[\ZLOO UHWXUQ LWV UHVXOW XVLQJ WKH
TXHU\ DSSOHW 2WKHU UHVWULFWLYHTXHULHVPD\XVH H[LVWLQJ FDFKHG UHVXOWV LI SRVVLEOH
RWKHUZLVHWKH\DUHIRUZDUGHGWRWKHZHEVHUYHUWREHSURFHVVHG>/41-@
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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)LJXUH$FWLYH4XHU\&DFKLQJ$UFKLWHFWXUH>@
6.2 A Pattern Language for Content Conversion and 
Generation on the Web 
7KH UHVHDUFKZRUNRI9RJHO DQG=GXQ >92=8@SUHVHQWVDSDWWHUQ ODQJXDJH










DQ DSSOLFDWLRQLQGHSHQGHQW VWDQGDUG IRUPDW OLNH ;0/  &217(17
&219(57(5 SDWWHUQ LV XVHG WR FRQYHUW WR WKH VWDQGDUG IRUPDW  7KLV
JHQHULFIRUPDWZLOOEHXVHGRQWKHZHEDSSOLFDWLRQEHIRUHSURFHVVLQJ
 38%/,6+(5 $1' *$7+(5(5 ,W LV D FHQWUDO SRLQW RI PDQDJHPHQW
ZKHUH FRQWHQW FRQYHUVLRQ LV WULJJHUHG FRQWHQW FRQVLVWHQF\ LV YHULILHG
ORRNXSLQWKHFDFKHDQGRWKHUPDQDJHPHQWWDVNVDUHSURYLGHG,WLVDQ
DEVWUDFWLRQOD\HUE\ZKLFKGLIIHUHQWSURWRFROVDQGSODWIRUPVFDQEHXVHG
 &217(17 )250$7 %8,/'(5 ,W VROYHV WKH SUREOHP RI EXLOGLQJ
FRQWHQW LQ GLIIHUHQW IRUPDWV DQG UHXVHV WKH VDPH FRGH  ,W SURYLGHV D
FRPPRQ OD\HU E\ ZKLFK FRQWHQW IRUPDW EXLOGHUV DELGH ZLWKRXW KDUG
FRGLQJ
 &217(17)250$77(03/$7( ,W SURYLGHV WKH FRQWHQW HGLWRUZLWK D
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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VLPSOHZD\WRHDVLO\DGGFRQWHQWZLWKRXWJRLQJLQWRWHFKQLFDONQRZOHGJH
7KHUHDUHVSHFLDOWHPSODWHWDJVWKDWWKHFRQWHQWHGLWRUFDQUHSODFH
 )5$*0(176 7DFNOH WKH GHYHORSPHQW RI WKH ZHE SDJHV E\ VSOLWWLQJ
WKHP LQWR IUDJPHQWV  ,W LV WKH VDPH FRQFHSW RI 'LYLGHDQG&RQTXHU
)RU H[DPSOH D SDJH FDQ EH GLYLGHG LQWR D KHDGHU D OHIW QDYLJDWLRQ
PHQXDERG\DQGDIRRWHU)XUWKHUIUDJPHQWVFDQEHLQWURGXFHGLQVLGH
HYHU\IUDJPHQW




 &217(17 &$&+( 0DNHV WKH G\QDPLF FRQWHQW KLJKO\ DYDLODEOH E\
SURYLGLQJ LW LQVLGH D FHQWUDO FDFKH  $Q LQYDOLGDWLRQ PHFKDQLVP LV
SURYLGHGWRFRQWUROWKHOLIHWLPHRIWKHFDFKHGREMHFWV
)LJXUH$Q2YHUYLHZRIWKH3DWWHUQ/DQJXDJHIRU&RQWHQW&RQYHUVLRQDQG*HQHUDWLRQRQWKH:HE>92=8@
6.3 Patterns for Web Applications 
$EVWUDFW )RUP $FWLYH 9LHZ %XV &ODVV DQG $FWLYH 3UR[\ DUH IRXU GHVLJQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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SDWWHUQVVXJJHVWHGIRUZHEDSSOLFDWLRQVE\%RQXUD&XOPRQHDQG0HUHOOL>%'&5@
7KH\ VXJJHVWHG WKHVH SDWWHUQV WR LPSURYH WKH HIIHFWLYHQHVV DQG HIILFLHQF\ RI WKH
GHYHORSPHQW SURFHVV  7KH\ WDUJHW G\QDPLF ZHE DSSOLFDWLRQV ZKHUH WKH EXVLQHVV
ORJLFOD\HUJHQHUDWHVG\QDPLFFRQWHQWIURPWKHEDFNHQGV\VWHPVDQGVHQGVLWWRWKH
IURQWHQGEURZVHU>%'&5@
7KH$EVWUDFW)RUPSDWWHUQ LVGHVLJQHG IRUZHESDJHVZKLFKFDUU\ LQIRUPDWLRQ
HVVHQWLDO IRU FUHDWLRQ RI WKH QH[W SDJH  $EVWUDFW )RUP 3DWWHUQ VKRZV D FOHDU
FRPPXQLFDWLRQ EHWZHHQ D IRUP IURQWHQG DQG D VHUYOHW EXVLQHVVORJLF  7KH
SDWWHUQVKRZVWKDWDVHUYOHWFDQFUHDWHDIRUPDQGWKHIRUPFDQKDYHDFRQQHFWLRQ





ZDWFKLQJ RYHU D VXEVHUYOHW  ,W JLYHV DPHWKRG WR XSGDWH DQ DFWLYH YLHZZKHQ LWV
FRQWHQW LV FKDQJHG  7KH EXVLQHVV ORJLF OD\HU VHQGV D VLJQDO WR WKH IURQWHQG WR
XSGDWH LWV YLHZ  7KH EDFNHQG FRQWDLQV WULJJHUV WKDW QRWLI\ WKH EXVLQHVVOD\HU IRU
DQ\FKDQJHVWROHWLWXSGDWHLWVYLHZV>%'&5@
7KH%XV&ODVVSDWWHUQLVFRQFHUQHGZLWKWKHXVHRIWKHGLVWULEXWHGREMHFWVLQD
FRQQHFWLRQOHVV SURWRFRO OLNH +773  ,W KHOSV WKH GHYHORSHUV WR KDQGOH GLVWULEXWHG












7KH UHVHDUFK GRQH E\ 0RLVpV 'DQLHO 'tD] 7ROHGDQR >70@ UHFRJQL]HV VRPH
WHFKQLTXHV WKDW PLQLPL]H WKH FRPSOH[LW\ RI WKH GHVLJQ SDWWHUQV 7KH UHVHDUFKHU
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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LQWURGXFHV VRPH SDWWHUQV ZKLFK DUH FDOOHGPHWDSDWWHUQV WKDW DLP WR UHGXFH WKH
FRPSOH[LW\RISDWWHUQV,WWDFNOHVDORWRILVVXHVOLNHHQFDSVXODWLRQVWDQGDUGL]DWLRQ
DQG GHFRXSOLQJ FRPSOH[LW\ E\ LQWURGXFLQJ LQGLUHFWLRQ WR IXQFWLRQV FODVVHV
FRPSRQHQWV VXEV\VWHPV HWF  7KHPDLQPHWDSDWWHUQV LQWURGXFHG KHUH DUH0HWD
3DWWHUQ(QFDSVXODWRU0HWD3DWWHUQ$GGHUDQG0HWD3DWWHUQ'HFRXSOHU>70@
0HWDSDWWHUQ (QFDSVXODWRU FKHFNV IRU D GLVWULEXWHG IXQFWLRQDOLW\ DPRQJ
GLIIHUHQWFODVVHVDQGVLPSOLILHVWKHGHVLJQZLWKDQHZUROHWRDFHUWDLQFODVV0HWD
3DWWHUQ$GGHUPRGLILHVRUDGGVFHUWDLQIXQFWLRQDOLW\ LQDFODVVE\ LQWURGXFLQJDQHZ
LQWHUPHGLDWH LQKHULWLQJ FODVV WKDW HQFDSVXODWH WKLV IXQFWLRQDOLW\  7KH 0HW3DWWHUQ
'HFRXSOHUEUHDNVGRZQDFRPSOH[ IXQFWLRQDOLW\ LQDFHUWDLQFODVVE\ LQWURGXFLQJDQ
LQWHUPHGLDWH FODVV WKDW FRQWULEXWHV ZLWK WKH RULJLQDO RQH WR VHUYH WKH UHTXLUHG
IXQFWLRQDOLW\  7KHVH JHQHUDO PHWDSDWWHUQV DUH UHFRJQL]HG LQPRUH VSHFLILF PHWD
SDWWHUQVOLNH9DOLGDWRU3HUVLVWRU6HWDQG/RJJHU>70@
9DOLGDWRU PHWDSDWWHUQ EUHDNV GRZQ D FRPSOH[ YDOLGDWLRQ SURFHVV E\
LQWURGXFLQJDQLQWHUPHGLDWHFODVVWKDWGRHVRQO\YDOLGDWLRQIRUWKHJLYHQSDUDPHWHUV
3HUVLVWRUPHWDSDWWHUQPDNHVSHUVLVWHQWGDWD OLNH ILOHVDYDLODEOH LQDPRUHIOH[LEOH
ZD\,WGRHVVRE\LQWURGXFLQJDGHFRXSOHUFODVVFDOOHG3HUVLVWRU6HWPHWDSDWWHUQV
DGG D QHZ UROH 6HW0DSSHUZKLFK JLYHV LQIRUPDWLRQ DERXW D FROOHFWLRQ RI REMHFWV




6.5 Capacity Planning for e-Business 
$OWKRXJK&UDQPRUHHWDO¶V>&$8-@UHVHDUFKGHDOVZLWKFDSDFLW\SODQQLQJDQG
GRHV QRW KDQGOH SDWWHUQV LQ VRIWZDUH GHYHORSPHQW WKHLU VROXWLRQ VHHPV WR KHOS
JUHDWO\LQHQKDQFLQJWKHSHUIRUPDQFH,WDOVRVKRZVKRZWRFRQWUROFDSDFLW\VRWKDW
SHUIRUPDQFH VROXWLRQV GR QRW EHFRPH D EXUGHQ  7KUHH SDWWHUQV DUH VXJJHVWHG LQ










%XLOGLQ 5HGXQGDQF\ SURSRVHV WKH LGHD RI KDYLQJ UHGXQGDQW FDSDFLW\ RI
KDUGZDUHRUVRIWZDUH7KLVLGHDRIUHGXQGDQWFDSDFLW\LQFUHDVHVWKHH%XVLQHVVVLWH
DYDLODELOLW\DQGHQKDQFHVSHUIRUPDQFH 7KHGHFLVLRQ WRKDYHD UHGXQGDQWFDSDFLW\
PXVWEHFDUHIXOO\WDNHQDFFRUGLQJWRWKHFRVWVDQGWKHEHQHILWV6RLIWKHUHLVDQH
%XVLQHVV VLWHZKLFK VXUYLYHVZLWK WKUHHVHUYHUV WKHQDQH[WUDVHUYHU LVFRQVLGHUHG
DQ XQQHHGHG RYHUEXLOG +RZHYHU LI EHQHILWV VXUSDVV FRVWV WKHQ UHGXQGDQF\ LV
QHHGHG>&$8-@
6.6 Conclusion 
$V VKRZQ IURP WKH DERYH UHVHDUFK SDSHU GLVFXVVLRQV WKHUH DUH DOZD\V
VROXWLRQV IRU SHUIRUPDQFH LQ RQH ZD\ RU DQRWKHU  7KH ILUVW WKUHH UHVHDUFK SDSHUV
PHQWLRQHG LQ   DQG  SURYLGH D FDFKH VROXWLRQ ZKLFK LV D GLUHFW
SHUIRUPDQFHRSWLPLVDWLRQPHFKDQLVP 7KH IRXUWKUHVHDUFKSDSHUPHQWLRQHG LQ
SURYLGHV PHWDSDWWHUQV IRU SDWWHUQV WR EUHDN GRZQ WKHLU FRPSOH[LWLHV  ,W DOVR
SURYLGHV DQ LQGLUHFW SHUIRUPDQFH RSWLPL]DWLRQ VROXWLRQ E\ VWUXFWXULQJ WKH GHVLJQ
SDWWHUQVLQDUREXVWZD\7KHILIWKUHVHDUFKSDSHUPHQWLRQHGLQVHFWLRQSURYLGHV
D VHW RI FDSDFLW\ SODQQLQJ SDWWHUQV WR RSWLPL]H SHUIRUPDQFH WKURXJK KDUGZDUH
UHGXQGDQF\
)URPDOORI WKHVHUHVHDUFKHIIRUWV LW LVVKRZQWKDWSDWWHUQVSOD\DQLPSRUWDQW
UROH LQ JXLGLQJ WKH GHYHORSHUV WKURXJK WKH GLIIHUHQW RSWLPL]DWLRQPHFKDQLVPV 7KH
UHVHDUFK LQWKLV WKHVLVJURXSVSHUIRUPDQFHRSWLPL]DWLRQDQGFRPSOH[LW\EUHDNGRZQ
VROXWLRQVWRJHWKHUZLWKDUHVRXUFHPRQLWRULQJVROXWLRQWREXLOGXSDSDWWHUQODQJXDJH
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& K D S W H U   
7+(3(5)250$1&(3$77(516
:HE DSSOLFDWLRQV DUH E\ QDWXUH EDVHG RQ PXOWLWKUHDGHG DUFKLWHFWXUHV 7KLV
HQDEOHVWKHPWRUHVSRQGTXLFNO\DQGHIILFLHQWO\WRWKHKXQGUHGVRUPD\EHWKRXVDQGV
RI FRQFXUUHQW XVHU UHTXHVWV  7KH GDWDEDVH GULYHQ ZHE DSSOLFDWLRQV KDYH PRUH
FRPSOH[ DUFKLWHFWXUHV EHFDXVH RI WKH LQKHULWHG GDWDEDVH PDQDJHPHQW V\VWHP
FRPSOH[LW\  $OWKRXJK WKH FRPSOH[LW\ LV GHFRXSOHG LQ HYHU\ OD\HU ZHE VHUYHU




WUDFH DQ\ UHVXOWLQJ SUREOHPV  7KHUH DUH DOZD\V FRQFXUUHQW XVHU UHTXHVWV IRU
G\QDPLF ZHE SDJHV ZKLFK LQ WXUQ WULJJHU UHTXHVWV WR WKH VXEVHTXHQW GDWDEDVH
DFFHVV OD\HU  7KURXJK WKH SDWK WR WKH GDWDEDVH WKHUH LV D FRPSHWLWLRQ RYHU
UHVRXUFHVVXFKDVGDWDEDVHFRQQHFWLRQVRUGDWDEDVHREMHFWV,IWKHZHEDSSOLFDWLRQ
LV QRW UHDG\ ZLWK JRRG VROXWLRQV VXFK DV WKH RQHV PHQWLRQHG LQ WKH XS FRPLQJ
VHFWLRQVWKHV\VWHPZRXOGDOZD\VEHLQFKDRV




HQKDQFHPHQWV WR H[LVWLQJ SDWWHUQV RU DV FRPSOHWHO\ QHZ SDWWHUQV DV H[SODLQHG LQ
VHFWLRQ2XWFRPHVDQG&RQWULEXWLRQV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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7.1 Pattern 1: Database Connection Pool 
7.1.1 Context 
7KH 'DWDEDVH &RQQHFWLRQ 3RRO '&3 VROYHV WKH SUREOHP RI GDWDEDVH FRQQHFWLRQ
DFTXLVLWLRQDQGUHOHDVHWKURXJKUHF\FOLQJ
7.1.2 Problem 
&UHDWLQJ D GDWDEDVH FRQQHFWLRQ LV YHU\ H[SHQVLYH VLQFH WKH SURFHVV UHTXLUHV
UHVRXUFHVWKDWFRQVXPHWLPHDQGPHPRU\$FRQQHFWLRQLVDVHVVLRQZLWKDVSHFLILF
GDWDEDVH ZKHUH 64/ VWDWHPHQWV DUH H[HFXWHG DQG UHVXOWV DUH UHWXUQHG ZLWKLQ WKH
FRQWH[W RI D FRQQHFWLRQ >-$9$@ ,Q GDWDEDVH GULYHQ DSSOLFDWLRQV FUHDWLQJ D
GDWDEDVH FRQQHFWLRQ LV D YHU\ GHPDQGLQJ DFWLYLW\ HVSHFLDOO\ WKRVH RQHV WKDW DUH
GHVLJQHG IRUPXOWLDFFHVV  7KH SUREOHP KHUH LV WKDW RQO\ RQH XVHU FDQ DFTXLUH D
GDWDEDVH FRQQHFWLRQ WR UHWULHYH LQIRUPDWLRQ IURP WKH GDWDEDVH  ,I XVHUV NHSW




VROXWLRQ LV WR NHHS D FUHDWHG GDWDEDVH FRQQHFWLRQ IRU HYHU\ DSSOLFDWLRQ VHVVLRQ
+RZHYHU DSSOLFDWLRQV WKDWKDYH WKRXVDQGVRIXVHUV OLNH(&RPPHUFHDSSOLFDWLRQV
ZLOO KDYH VHYHUH PHPRU\ OHDN SUREOHPV WKDW FDXVH V\VWHP LQVWDELOLW\ ZKLFK ZLOO






















GDWDEDVH PDQDJHPHQW V\VWHP DQG VWRUHG LQ PHPRU\ IRU XVH  7KH OHYHO RI
DFTXLVLWLRQFDQEHOD]\HDJHURUSDUWLDO7KHOD]\DFTXLVLWLRQGHOD\VWKHH[SHQVLYH
GDWDEDVHFRQQHFWLRQDFTXLVLWLRQXQWLOWKHFRQQHFWLRQLVGHPDQGHGDQGWKHQLWVWRUHV
LW LQPHPRU\>.0@ 7KHHDJHUDFTXLVLWLRQSUHSDUHVDOO WKHGDWDEDVHFRQQHFWLRQV
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>-3.0@  7KH RSWLPL]DWLRQ FULWHULD VKRXOG EH GHFLGHG DFFRUGLQJ WR WKH V\VWHP
DYDLODEOHUHVRXUFHVRI&38PHPRU\DQGDYDLODELOLW\RIRWKHUUHVRXUFHV
6RIWZDUH UHVRXUFHV DUH SUHFLRXV EHFDXVH WKH\ DUH OLPLWHG HYHQ LI WKHUH DUH
VHYHUDO RI WKHP  7KH UHVRXUFH XVHUV FDQ EH PRUH WKDQ WKH QXPEHU RI UHVRXUFHV
ZKLFKPD\ UHVXOW LQ XQVWDEOH VLWXDWLRQV LI QRW KDQGOHG SURSHUO\ (YLFWLRQ GLVFXVVHV
KRZ DQG ZKHQ WR UHOHDVH UHVRXUFHV  7KH SUREOHP LV WKDW V\VWHPV PD\ NHHS
DFTXLULQJ UHVRXUFHV ZLWKRXW UHOHDVLQJ WKHP ZKLFK PD\ FDXVH V\VWHP LQVWDELOLW\
>-3@
+RZHYHU QRW DOO UHVRXUFHV VKRXOG EH UHOHDVHG DV VRPH RI WKHP PD\ EH
H[SHQVLYH WR UHDFTXLUH >-3@  7KHUH DUH VRPH LVVXHV WKDW PXVW EH WDNHQ LQWR
FRQVLGHUDWLRQ LI FRQQHFWLRQ HYLFWLRQ LV GHFLGHG OLNH WKH IUHTXHQF\ RI XVLQJ D
FRQQHFWLRQ&38XWLOL]DWLRQDQGDYDLODEOHPHPRU\VL]H 0RUHRYHU WKHXVHUVKRXOG
QRWVXIIHUIURPWKHVHOHFWHGVROXWLRQ
(YLFWLRQ XVHV D FHUWDLQ VWUDWHJ\ OLNH /DVW 5HFHQWO\ 8VHG /58 RU /HDVW
)UHTXHQWO\8VHG/)8 WRFRQWURO WKH OLIHF\FOHRI WKH UHVRXUFH 7KH UHVRXUFHVWKDW





DQG WKH SRRO LV WKDW WKH FDFKH KDV LWHPV ZLWK XQLTXH LGHQWLWLHV DQG PD\ EH RI
GLIIHUHQWW\SHVEXWWKHSRROKDV LWHPVRIQRLGHQWLWLHVDQGRIWKHVDPHW\SH6RWR
UHWULHYH D FDFKHG LWHP WKH XQLTXH LGHQWLW\ KDV WR EH SURYLGHG EXW WKH FRQQHFWLRQ
SRRO UHWXUQV DQ LWHP GLUHFWO\ ZLWKRXW SURYLGLQJ DQ\ LGHQWLW\  6R WKLQN RI WKH
GDWDEDVHFRQQHFWLRQSRRODVDFDFKHZLWKRQO\RQHLGHQWLW\6RLI\RXSURYLGHWKDW
FRPPRQ LGHQWLW\ WR WKHSRRO LWZRXOG UHWXUQD FRQQHFWLRQDOO WKH WLPH VLQFH DOO RI
WKHPKDYHWKHVDPHLGHQWLW\
)LJXUHVKRZVWKHFODVVVWUXFWXUHRIWKHSDWWHUQ,WVKRZVWKDWWKHGDWDEDVH
FRQQHFWLRQSRRO H[WHQGV WKH3RROLQJ3DWWHUQ >.0-3@DQGXVHVRWKHUSDWWHUQV OLNH
HYLFWLRQDQGVWUDWHJ\
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV












)LJXUH  VKRZV WKH XVHU LQWHUDFWLRQ ZLWK WKH GDWDEDVH FRQQHFWLRQ SRRO  $V
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7.1.5 Consequences 
x 3HUIRUPDQFH (VWDEOLVKLQJDFRQQHFWLRQWRDGDWDEDVHUHSUHVHQWVWKHPDMRUGHOD\
WR DQ\ UHTXHVW  $Q\ RQH ZKR KDV ZRUNHG ZLWK D GDWDEDVH ZLOO GHILQLWHO\
DSSUHFLDWHKDYLQJDFRQQHFWLRQSRROLQKLVDSSOLFDWLRQEHFDXVHWKHUHVSRQVHWLPH
ZLOOGHILQLWHO\EHPXFKEHWWHU $OWKRXJK WKHUH LVDPDQDJHPHQW WLPHRYHUKHDG
IRUDFTXLULQJDQGUHOHDVLQJFRQQHFWLRQVLWLVDFFHSWDEOHE\WKHV\VWHPVLIWKHSRRO
LVWXQHGFRUUHFWO\
x 6WDELOLW\ >.0-3@ 7KH DSSOLFDWLRQV WKDW LPSOHPHQW FRQQHFWLRQ SRROLQJ
H[SHULHQFHD ODUJHGHJUHHRIVWDELOLW\EHFDXVHDFTXLVLWLRQDQGHYLFWLRQVROXWLRQV
PDLQWDLQ WKH UHVRXUFH HQYLURQPHQW DQG HQVXUH WKDW WKHUH LV QR OHDNDJH LQ
UHVRXUFHV
x 3UHGLFWDELOLW\>.0-3@$GDWDEDVHUHTXHVWKDVIDLUO\JRRGDQGNQRZQUHVSRQVH
WLPH LI WKH GDWDEDVH FRQQHFWLRQ LV VHUYHG IURP WKH SRRO  2Q WKH RWKHU KDQG
UHTXHVWV WKDW FRQVWDQWO\ KDYH WR DFTXLUH FRQQHFWLRQV IURP WKH GDWDEDVH KDYH
ORQJDQGXQNQRZQUHVSRQVHWLPHV
x 'HDGORFN GHDGORFNVLWXDWLRQVPD\EH UHDFKHGEHFDXVHRI UDFHFRQGLWLRQV LI WKH
FRQQHFWLRQVDUHQRWSURSHUO\DFTXLUHGDQGUHOHDVHG$UDFHFRQGLWLRQFDQKDSSHQ









x &DFKLQJ &DFKLQJ LVH[DFWO\ OLNHWKHGDWDEDVHFRQQHFWLRQSRROLQJ IURPWKHEDVLF
FRQFHSWV  +RZHYHU REMHFW LGHQWLW\ LV PRUH LPSRUWDQW LQ FDFKLQJ XQOLNH WKH
GDWDEDVHFRQQHFWLRQSRROLQJ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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7.2 Pattern 2: Cache 
7.2.1 Context 
6\VWHPV WKDWQHHG WREULQJREMHFWV WR WKHPHPRU\RI WKHVHUYHU 6HUYHUVLGH






QHDU IXWXUH  ,W LVQRWDEQRUPDO WR VHHTXHULHV WKDW WDNHPRUH WKDQRQHPLQXWH WR
FRPSOHWH 4XHULHV FDQ WDNHPRUH WKDQRQHPLQXWHRQYHU\ ODUJHGDWDEDVHV 2QH
PLQXWHGHOD\ FRPELQHGZLWK RWKHU GHOD\ IDFWRUV LV FRQVLGHUHG WRRPXFK WLPH IRU D
ZHEDSSOLFDWLRQ,WKDSSHQVDOVRWKDWWXQLQJWKHGDWDEDVHOLNHFUHDWLQJLQGLFHVPD\
EHVSDFHFRQVXPLQJIRUYHU\ ODUJHGDWDEDVH &UHDWLQJ LQGLFHVVROXWLRQPD\QRWEH
UHFRPPHQGHG IRU DOO GDWDEDVH REMHFWV :HE $SSOLFDWLRQV VRPHWLPHV LQWHUDFW ZLWK





















$ ZHE DSSOLFDWLRQ FDQ XVH GLIIHUHQW FDFKLQJ WHFKQLTXHV WR UHGXFH ODWHQF\
PLQLPL]HQHWZRUNWUDIILFDQGFRQVHTXHQWO\UHGXFHWLPHRXWV&DFKLQJDVGHILQHGE\
%URZQ >%%@ LV ³DQ DUHD RI VWRUDJH H[LVWLQJ EHKLQG WKH VFHQHV ZKLFK LV XVHG WR
VWRUH FRSLHV RI SUHYLRXVO\ UHTXHVWHG REMHFWV WKDW FDQ EH TXLFNO\ DFFHVVHG ZKHQ
QHHGHG´,WLQFUHDVHVWKHSHUIRUPDQFHDQGPDNHVWKHZHEDSSOLFDWLRQVPRUHUHOLDEOH
>%%@ &DFKLQJ LVQRWDQHZWHFKQLTXH LWKDVEHHQXVHG LQPDQ\VRIWZDUHILHOGV
DQG RQ GLIIHUHQW DVSHFWV  7KHUH LV VSHFLDO FDFKLQJ KDUGZDUH OLNH FDFKH SUR[LHV
ZKLFKFDFKHWKHVWDWLFZHEFRQWHQW7KHUHLVFDFKLQJHYHQRQWKHFOLHQWPDFKLQHVVR
WKDW RQH QHHG QRW GRZQORDG WKH VWDWLF FRQWHQW OLNH LPDJHV HYHU\ WLPH  &OLHQWV
EHFRPH VDWLVILHG ZLWK WKH TXLFN UHVSRQVH ZKLFK LQFUHDVHV WKHLU WUXVW RQ WKH ZHE
DSSOLFDWLRQ
6HUYHUVLGH FDFKLQJ LV D SHUIRUPDQFH HQKDQFHPHQW WHFKQLTXH WKDW LV XVHG LQ
PDQ\ ZHE DQG QRQZHE DSSOLFDWLRQV  ,W EULQJV WKH H[SHQVLYH UHVXOWV WR WKH
DSSOLFDWLRQPHPRU\,GHDOO\DGDWDEDVHTXHU\UHVXOWLVFDFKHG$FDFKLQJVROXWLRQ
PXVW KDQGOH WKH REMHFW H[SLUDWLRQ WR HQVXUH FRQVLVWHQF\  :KHQ WKH DSSOLFDWLRQ
LQYRNHV WKH TXHU\ LW ORRNV XS ILUVW LQ WKH FDFKH EHIRUH DFFHVVLQJ WKH GDWDEDVH  ,I
ORRNHGXSREMHFWV DUH IRXQGDQGKDYHQRW H[SLUHG WKHQ WKH\DUH UHWXUQHGEDFN WR
WKHFOLHQWZLWKRXWSDVVLQJWKURXJKWKHGDWDEDVHERWWOHQHFNVWRHVWDEOLVKDFRQQHFWLRQ




LGHQWLW\ E\ ZKLFK WKH\ FDQ EH DFFHVVHG  7KH 'DWDEDVH FRQQHFWLRQ 3RRO GRHV QRW
DVVLJQ DQ LGHQWLW\ WR WKH REMHFWV >.0-3@  $OVR FDFKHG REMHFWV FDQ EH VKDUHG
DPRQJPXOWLSOHXVHUV 2Q WKHRWKHUKDQG WKH'DWDEDVH&RQQHFWLRQ3RROGRHVQRW
DOORZVKDULQJ
7KH FDFKH FRQVLVWVPDLQO\ RI HQWULHV DQG DQ HYLFWRU DV VKRZQ LQ )LJXUH 
7KHFDFKHHQWULHVDUHHQYLURQPHQWUHVRXUFHVWKDWDUHXVXDOO\H[SHQVLYHWRDFTXLUH
7KH HYLFWRU LV UHVSRQVLEOH IRU SHULRGLFDOO\ UHPRYLQJ WKH HQWULHV WKDW KDYHQRW EHHQ
XVHGIRUDORQJWLPH>.0-3@,WFDQEHFRQILJXUHGWRXVHGLIIHUHQWVWUDWHJLHVOLNH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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/58 /DVW 5HFHQWO\ 8VHG RU /)8 /HDVW )UHTXHQWO\ 8VHG  7KH VWUDWHJ\ SDWWHUQ
PHQWLRQHGE\WKHIRXU*DQJVFDQEHXVHGKHUH%\UHIHUULQJWR)LJXUHRQHZRXOG
QRWLFH WKDW WKHFDFKHGRHVQRWDOZD\VUHWXUQGLUHFWO\ WRWKHXVHU 7KHFDFKHHQWU\
PLJKWKDYHH[SLUHGRUPD\QRWEHWKHUHZKLFKOHDGVWRWKHDOORFDWLRQRUUHDOORFDWLRQ
RIWKHFDFKHGREMHFW7KHRWKHUEHQHILWRIWKLVWHFKQLTXHLVWKDWWKHFDFKHFDQEXLOG
LWVHOI XS WKURXJK WLPHDFFRUGLQJ WR WKHXVHUQHHGV 7KH ILUVW UHTXHVW IRUD FHUWDLQ



















 %UHDNLQJ1HZVIHWFK KRXU $Q\DGGLWLRQDO
LQIRUPDWLRQ





3ODQQLQJ IRU FDFKLQJ FDQ KLJKOLJKW WKH SHUIRUPDQFH RSWLPL]DWLRQ SDWK IRU WKH
GHYHORSHU  3ODQQLQJ FDQ VWDUW IURP WKHGHVLJQSKDVHZKHUH FDFKLQJSRLQWV FDQEH
GHSLFWHGRYHU WKHREMHFW LQWHUDFWLRQGLDJUDPV)LJXUH 3ODQQLQJIRUFDFKLQJFDQ
EH D TXLWH VLPSOH LI WKHUH LV D GDWDEDVH DFFHVV OD\HU GHVLJQHG LQ WKH V\VWHP  ,W
ZRXOG EH D JRRG LGHD WR KDYH D VHSDUDWH DUWLIDFW WKDW KDV D URDGPDS RI DOO WKH
FDFKLQJ SRLQWV  7KH &DFKH 5RDGPDS ZLOO KHOS LQ UHYLHZLQJ WKH SHUIRUPDQFH
RSWLPL]DWLRQWKURXJKFDFKLQJE\WKHHQGRIWKHGHYHORSPHQWSKDVH0RUHRYHUWKLV
GRFXPHQW FDQ EH FRPELQHG ZLWK RWKHU GRFXPHQWV WKDW WDFNOH RWKHU SHUIRUPDQFH
LVVXHVDQGDJHQHUDOSHUIRUPDQFHRSWLPL]DWLRQVHVVLRQUHYLHZFDQEHFRQGXFWHGRQ
WKH V\VWHP EHIRUH WKH HQG RI WKH GHYHORSPHQW SKDVH  7DEOH  VKRZV D






7KHYDOLGLW\SHULRGDVVLJQHG IRUHYHU\FDFKHSRLQW LQ WKH&DFKH5RDGPDSFDQ
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REMHFWV  )RU H[DPSOH DOO WKH TXHU\ UHVXOWV FRXOG EH FDFKHG LI WKH\ ZLOO QRW
FRQVXPHDORWRIPHPRU\DQGWKH\DUHKLJKO\GHPDQGHG0RUHRYHUWKHTXHULHV
WKDW FRQVXPHV D ORW RI WLPH WR UHWXUQ DUH WKH EHVW FDQGLGDWHV IRU FDFKLQJ




IORZ  ,IPHPRU\VL]H LVYHU\KLJKFDFKLQJSROLF\ LVNQRZQDQGFDFKLQJVL]H LV
FRQWUROOHGWKHQSHUIRUPDQFHZLOOEHHQKDQFHGQRWLFHDEO\
x &RQVLVWHQF\ 7KH DSSOLFDWLRQ KDV WR KDYH D SROLF\ E\ ZKLFK FDFKLQJ FDQ EH
LQYDOLGDWHG WR JXDUDQWHH WKDW LW ZLOO FRQWDLQ WKH ODWHVW GDWDEDVH REMHFW
LQIRUPDWLRQ  7KH GHOWD EHWZHHQ FKDQJLQJ LQIRUPDWLRQ LQ WKH GDWDEDVH DQG
XSGDWLQJ LW LQ WKH FDFKH FDQQRW EH DYRLGHG  +RZHYHU WXQLQJ FDFKLQJ SHULRGV
GHULYHG IURP WKH&DFKLQJ3ODQQLQJGRFXPHQWZLOO DOZD\VKHOS WRPLQLPL]H WKLV
SHULRGRUDWOHDVWLWZRXOGQRWEHQRWLFHDEOHIRUWKHXVHUV
7.2.6 Anti-patterns 







7.2.7 Related Patterns 
x 5HDGDKHDG &DFKHV $ V\VWHP FDQ LQFUHDVH LWV HIILFLHQF\ LI VRPH REMHFWV DUH
FDFKHGXSRQVWDUWXS 7KLVJLYHVDJRRGH[SHULHQFH WRWKHXVHUVVLQFHWKH\ZLOO
QRW IHHO DQ\ VRUW RI GHOD\  7KH 5HDGDKHDG FDFKHV FDQ JXDUDQWHH DQ H[LVWLQJ
LQVWDQFHUHDG\IRUUHDGEHIRUHWKHUHDGRSHUDWLRQH[LVWVDFWXDOO\>.0-3@
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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x 6\QFKURQL]HG&DFKH :KHUHFDFKHGGDWDKDVWREHDOZD\VV\QFKURQL]HGZLWK LWV
RULJLQDOVRXUFHHJGDWDEDVH>.0-3@
x /D]\/RDG ZKHUH ORDGLQJGDWD IURPGDWDEDVH WRPHPRU\ LVQRWGRQHXQWLO LW LV
UHDOO\ QHHGHG LQVWHDG RI H[SOLFLWO\ ORDG DOO GDWD LQ PHPRU\ ZKLFK KXUWV WKH
SHUIRUPDQFH>)0@
7.2.8 References 
&DFKLQJ VROXWLRQV DUH YHU\ZLGHVSUHDG $OPRVW DOO DSSOLFDWLRQVGR FDFKLQJ LQ
RQH ZD\ RU DQRWKHU  7KH IROORZLQJ DUH D IHZ H[DPSOHV WKDW XWLOL]H WKH FDFKLQJ
FRQFHSW






x :HEVLWH $FFHOHUDWRUV 7KH\ DUH VSHFLDO KDUGZDUH GHYLFHV WKDW VDYH WKH FRQWHQW
FORVHUWRWKHHQGXVHUV7KH\XVXDOO\KDYHDODUJHPHPRU\FDSDFLW\ 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 ,PSOHPHQWDWLRQ LVGRQHPRUHTXLFNO\ WKDQ IRUDG\QDPLFZHEVLWHZKLFKFDQ
KDYHPDQ\FRPSOH[LWLHVLQWKHEDFNHQG
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV


















6RPH DSSOLFDWLRQV SURYLGH FRQWHQWPDQDJHPHQW WRROV WKDW EXLOG WKH UHTXLUHG
FRQWHQW DQG SXEOLVK LW DV VWDWLF SDJHV  7KH OLPLWDWLRQ KHUH LV WKDW ODUJH GDWDEDVH
V\VWHPVFDQFRQVXPHDKXJHGLVNVSDFHLIWKH\DUHSXEOLVKHGDVVWDWLFSDJHV7KH







 7KHGHFLVLRQFDQEH WDNHQ WRFRQYHUWDOO WKHG\QDPLFSDJHVWRVWDWLFRU MXVW
OHDYH WKH G\QDPLF RQHV DFFRUGLQJ WR WKH FDSDELOLWLHV RI WKH ZRUNLQJ
HQYLURQPHQW
3. 6RPH EDFNHQG V\VWHPV FDQ EH WHPSRUDULO\ VKXWGRZQ LI WKHLU FRXQWHUSDUW
G\QDPLFSDJHVDUHFRQYHUWHGWRVWDWLF 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
















 3DJH0DSSLQJ 5HSRVLWRU\ :KHUH WKH IXOO SDWK RI WKH VWDWLF SDJH LV VHW IRU WKH
G\QDPLFSDJH2QO\WKHSDJHVWKDWZLOOEHFRQYHUWHGDUHVSHFLILHGKHUH
 3DJH &RQYHUWHU ZKLFK LV UHVSRQVLEOH IRU FRQYHUWLQJ DOO WKH G\QDPLF SDJHV
VSHFLILHGLQWKHUHSRVLWRU\WRWKHLUFRXQWHUSDUWVWDWLFSDJHV
 3DJH 5HIHUHQFH .HHSHU ,W PDNHV VXUH WKDW WKH HPEHGGHG OLQNV LQVLGH WKH
FRQYHUWHGSDJHDUHSRLQWLQJWRWKHFRQYHUWHGVWDWLFSDJHVLIIRXQGIRUWKDWOLQN
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2QH PD\ WKLQN RI WKH 3DJH &RQYHUWHU FRPSRQHQW DV D FOLHQW WR WKH V\VWHP
ZKLFKVLPSO\PDNHVVFKHGXOHGUHTXHVWVE\WKH3DJH&RQYHUWHU6FKHGXOHU ,WPDNHV
XVH RI WKH ZHE DSSOLFDWLRQ EDFNHQG ZKLFK LV DOUHDG\ FDSDEOH RI VHQGLQJ VWDWLF
FRQWHQWRXWRIWKHG\QDPLFSDJHVWRUHWULHYHWKHFRQWHQWDQGVDYHLWRQGLVN7KLV

























WKHG\QDPLFBSDWK! VHUYHU WR VWDWLF SDJHV DQG VDYHG RQ WKH SK\VLFDO PDFKLQH
SDWK VWDWLFBSDWK! 7KH DVVXPSWLRQ LV WKDW 3DJH &RQYHUWHU KDV IXOO DFFHVV WR
G\QDPLF DQG VWDWLF SDWKV  0RUHRYHU D ZHE VHUYHU VKRXOG VHUYH WKH VWDWLF SDWK
)LJXUH  VKRZV WKDW WKH SDJH FRQYHUWHU FDQ ZRUN VLPSO\ DV DQ HQG XVHU WKDW
UHWULHYHV WKH FRQWHQW RI WKH G\QDPLF SDJHV DQG VDYHV WKHP RQ GLIIHUHQW SK\VLFDO
PDFKLQHV
)LJXUH3DJH&RQYHUWHU
3DJH &RQYHUWHU VWDUWV LWV ZRUN E\ OLVWLQJ DOO G\QDPLF SDJHV RQ WKH WDEOH
SDJHMVS SDJHMVS SDJHMVS SDJHMVS FRQYHUWLQJ WKHP DQG VDYLQJ WKHP DV
VWDWLF WH[W IRUPDW SDJHV RQ WKH VSHFLILHG VWDWLF SDWK  3DJH &RQYHUWHU ZLOO UXQ
SHULRGLFDOO\ DFFRUGLQJ WR WKH VFKHGXOHU WR FRQYHUW DOO WKH SDJHV LQ WKH OLVW DJDLQ
0RUHHQKDQFHPHQWVFDQEHDGGHGWRWKHVFKHGXOHUWRWULJJHU3DJH&RQYHUWHURQO\LI
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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FRQWHQWLVFKDQJHGDQGFRQYHUWRQO\WKHSDJHVWKDWDUHUHODWHGWRWKDWFRQWHQW7KH









,IZHDVVXPH WKDW WKH VWDWLFKWPOSDJHVDUHDFFHVVLEOH WR WKHHQGXVHU WKHQ
KHVKHZLOODFFHVVWKHPRQO\RQFHDQGKHVKHZLOOHQGDWWKHG\QDPLFSDJHVDJDLQ
6REHIRUHFRQYHUWLQJWKHG\QDPLFSDJHVWRVWDWLF3DJH5HIHUHQFH.HHSHUPXVWZUDS
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$OWKRXJK SDJHMVS LV QRW FRQYHUWHG WR D VWDWLF RQH WKH 3DJH 5HIHUHQFH
.HHSHU FDQ VWLOO IXQFWLRQ DQG JHW WKH ULJKW UHIHUHQFH  7KLV IHDWXUH DOORZV WKHZHE
DSSOLFDWLRQ EHKDYLRU WR VWD\ DV GHVLJQHG DQG DQ\ RWKHU H[SHFWHG UHIHUHQFHV WR
G\QDPLFSDJHVZLOOVWLOOIXQFWLRQFRUUHFWO\,QRWKHUZRUGVERWKG\QDPLFDQGVWDWLF





x 3HUIRUPDQFH 3HUIRUPDQFH LV HQKDQFHG JUHDWO\ VLQFH WKH G\QDPLF SDJH DFFHVV
SURFHVV WR EXLOG WKH G\QDPLF SDJH LV FRPSOHWHO\ DYRLGHG 7KH VHUYHU &38 DQG
PHPRU\XWLOL]DWLRQDUHPLQLPL]HGDVZHOO
x 5HOLDELOLW\ 7KHZHEDSSOLFDWLRQZLOOEHPRUHUREXVWDQGUHOLDEOH7KLV LQFUHDVHV
WKHDYDLODELOLW\RIWKHZHEDSSOLFDWLRQ
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7.3.6 References 
x &RQWHQW 0DQDJHPHQW $SSOLFDWLRQV WKHUH DUH VRPH FRQWHQW PDQDJHPHQW
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$Q LQKHULWHGQDWXUH WKDW LV IRXQG LQPRVWGDWDEDVHGULYHQZHEDSSOLFDWLRQV LV
WKDW64/VWDWHPHQWVDUHFRQVLGHUHGDVDQLQWDQJLEOHSDUWRIWKHFRGH7KLVPD\EH
UHDVRQDEOHIRUWKHDSSOLFDWLRQGHVLJQHUDVWKH64/VWDWHPHQWVDUHWKHEXLOGLQJEORFNV
RI WKH EXVLQHVV ORJLF KHQFH WKH\ PXVW QRW EH H[WHUQDOL]HG RXWVLGH WKH FRGH
6HSDUDWLRQ KDV EHHQ SUHVHQWHG EXW LQ WKH IRUP RI D FRGH OD\HU WR DFFHVV WKH
GDWDEDVH7KLVVHSDUDWLRQLVPDLQO\LPSRUWDQWWRPDSUHODWLRQDOGDWDEDVHVWRREMHFW









 $OWKRXJK64/VWDWHPHQWVVHUYH WKHEXVLQHVV ORJLF WKH\PD\EHFRQVWUXFWHG
DW WKH GHVLJQ SKDVH WR UHOLHI WKH GHYHORSHUV LQ WKH LPSOHPHQWDWLRQ SKDVH
*LYHQ WKDW WKH GHYHORSPHQW F\FOH LV LWHUDWLYH DQG WKH FKDQJHV LQ WKH




FRGH HLWKHU EHFDXVH RI WKHLU LJQRUDQFH RI WKH SURJUDPPLQJ ODQJXDJH RU
EHFDXVH WKH FRGH LV YHU\ FRPSOH[ WR WKH GHJUHH WKDW LW LV QRW HDVLO\
XQGHUVWDQGDEOHRUHYHQUHDGDEOH
 5HDGDELOLW\ DQGXQGHUVWDQGDELOLW\ GHFUHDVHVDV WKH FRGH WKDWJHQHUDWHV WKH
64/VWDWHPHQWVJHWVPRUHFRPSOH[
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV





LV E\ ZULWLQJ WKH 64/ VWDWHPHQWV GLUHFWO\ LQVLGH WKH FRGH  )RU WKH VDNH RI
IOH[LELOLW\ H[WUD FRGH VWRUDJH RU PHPRU\ ZLOO EH UHTXLUHG  +RZHYHU D YHU\
VLPSOHFKDQJHLQWKH64/VWDWHPHQWPD\UHTXLUHFRPSLOLQJWKHZKROHDSSOLFDWLRQ
ZKLFKFRXOGEHYHU\WLPHFRQVXPLQJ
x 6WDQGDUGL]DWLRQ 6HSDUDWLQJ 64/ VWDWHPHQWV IURP FRGH PXVW PDLQWDLQ WKH
VWDQGDUG64/VFULSWLQJ WR IDFLOLWDWH UHDGLQJGHEXJJLQJDQGPRGLI\LQJ WKHPIRU
WKH'%H[SHUWV
x 0DLQWDLQDELOLW\ 7KH 64/ VWDWHPHQW LQWHUIDFH PXVW EH YHU\ FOHDU DW WKH GHVLJQ
SKDVH$OWKRXJKLWPD\EHFKDQJHGLQWKHGHYHORSPHQWSKDVH+RZHYHUWKH\
PXVWQRWEHFKDQJHGDIWHUWKH\JRLQSURGXFWLRQDWUXQWLPH64/VWDWHPHQWVDUH




WKH ,) FRQGLWLRQV E\ ZKLFK GLIIHUHQW EORFNV RI WKH 64/ VWDWHPHQWV DUH XVXDOO\
JURXSHGWRJHWKHULQVLGHWKHFRGH
x 5HXVDELOLW\ 7KH64/ VWDWHPHQWV VKRXOGEHDYDLODEOH IRU RWKHU DSSOLFDWLRQV WKDW






LQ PRUH WKDQ RQH ILOH ,Q RUGHU WR SURYLGH DQ LQWHJUDWLRQ LQWHUIDFH IRU WKH
DSSOLFDWLRQV64/VWDWHPHQWVDUHGHILQHGDV64/WHPSODWHV
 64/ WHPSODWHV DUH QHZO\ LQWURGXFHG KHUH DV QRUPDO 64/ VWDWHPHQWV ZLWK
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WHPSODWHV LV WRSXW WKHP LQRQHXQLW WKH\PXVWDOVRGHFODUH WKHLUJURXSQDPHV WR
SUHYHQWWKHDPELJXLW\RIFROOHFWLQJXQUHODWHGWHPSODWHVLQRQHXQLW7DEOHSURYLGH
PRUHLQIRUPDWLRQRQWKHUHFRPPHQGHGWDJV











-- This template allows a  
-- proper access to the  
–- invoice table 
SELECT * FROM INVOICES WHERE 
INVOICE_TYPE = $INVOICE_TYPE$ 










-- This template allows a  
-- proper access to the  
–- invoice table 
SELECT * FROM INVOICES WHERE 
INVOICE_TYPE = $INVOICE_TYPE$ 










-- This template allows a  
-- proper access to the  
–- invoice table 
SELECT * FROM INVOICES WHERE 
INVOICE_TYPE = $INVOICE_TYPE$ 














-- This template allows a  
-- proper access to the  
–- invoice table 
SELECT * FROM INVOICES WHERE 
INVOICE_TYPE =











-- This template allows a  
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV




















INVOICE_TYPE = $INVOICE_TYPE$ 






7KH PRUH FRPSOH[ OHYHO LV ZKHUH WKHUH DUH SDUDPHWHUV QHHGHG WR EXLOG WKH 64/
VWDWHPHQWEXWWKHVWDWHPHQWLQWHUIDFHLVQRWFKDQJHG7KHPRVWFRPSOH[OHYHOPD\
UHTXLUH H[LVWHQFH RU QRQ H[LVWHQFH RI GLIIHUHQW 64/ VWDWHPHQW EORFNV DQG WKH
VWDWHPHQW LQWHUIDFH PD\ HYHQ FKDQJH DW UXQWLPH  ,QWURGXFLQJ WKH WHFKQLTXH RI





SELECT * FROM INVOICES WHERE INVOICE_TYPE = 1 AND 






SELECT * FROM INVOICES WHERE INVOICE_TYPE =











--$inv_type$ WHERE INVOICE_TYPE = $INVOICE_TYPE$ 






7KH DSSOLFDWLRQZLOO DFFHVV WKH64/ WHPSODWHV E\ WKHLU XQLTXHQDPHJLYHQDW
UXQWLPH  7KH SDWWHUQ SURYLGHV D ORDGHU DQG DQ LQGH[HU  7KH ORDGHU ZLOO EH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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UHVSRQVLEOHIRUSDUVLQJWKHILOHVWKDWFRQWDLQWKHWHPSODWHVDQGORDGWKHPLQPHPRU\
DV ORQJ DV WKHUH DUH QR HUURUV  7KH LQGH[HU ZLOO VDYH WKH 64/ WHPSODWH LQ DQ
DFFHVVLEOH SODFH E\ ZKLFK WKH DSSOLFDWLRQ FDQ GLUHFWO\ UHTXHVW WKH WHPSODWH E\ LWV
QDPH  ,W LV FOHDU IURP WKH LQGH[HU GHVFULSWLRQ WKDW LW LV D FDFKH  6R WKH FDFKH
SDWWHUQ FDQ EH XVHG LQ WKLV FRQWH[W  (YHU\ WHPSODWH KDV D ZD\ WR H[SRVH WKH
UHSODFHDEOH WDJV HLWKHU WKH QRUPDO RQHV RU WKH FRPPHQW WDJV  7KH FODVV GLDJUDP




The loader reads the files 




























if (rpt.equals("call")) { 
 query = "SELECT U.O_P_NUMBER AS NUMBER1, TO_CHAR(COUNT(*)) AS VALUE "; 
 orderBy = " GROUP BY U.O_P_NUMBER ORDER BY COUNT(*) DESC"; 
 } else if (rpt.equals("cost")) { 
 query = "SELECT U.O_P_NUMBER AS NUMBER1, TO_CHAR(SUM(U.RATED_AMOUNT)) AS VALUE "; 
 orderBy = " GROUP BY U.O_P_NUMBER ORDER BY SUM(U.RATED_AMOUNT) DESC"; 
 } else if (rpt.equals("dur")) { 
 query="SELECT U.O_P_NUMBER AS NUMBER1, TO_CHAR(SUM(U.ROUNDED_VOLUME)) AS VALUE "; 
 orderBy = " GROUP BY U.O_P_NUMBER ORDER BY SUM(U.ROUNDED_VOLUME) DESC"; 
 } else { 
 stmt.close(); 
 conn.close(); 
 return null; 
 } 
 query = query + " FROM MY010_DWH_CALL_USAGE U"; 
 
if (grp > 0) 
 query = query + ", MY010_GROUPS G, MY010_CONTRACT_GROUPS CG "; 
 String where = " WHERE "; 
 if (contract_key > 0) { 
 where = where + "U.CONTRACT_KEY = " + contract_key; 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 } else { 
 where = where + "U.CUSTOMER_ID = " + customer_id + " "; 
 } 
 // end of enhancement 
 if (type > 0) { 
 query = query + ", CALLVIEW CV "; 
 } 
 query = query + where; 
 if (type == 1) { 
 query = query + " AND U.CALL_KEY = CV.CALL_KEY AND CV.CALL_TYPE = ’National’"; 
 } else if (type == 2) { 
 query=query + " AND U.CALL_KEY = CV.CALL_KEY AND CV.CALL_TYPE = ’International’"; 
 } else if (type == 3) { 
 query = query + " AND U.CALL_KEY = CV.CALL_KEY AND CV.CALL_TYPE = ’Roaming’ "; 
 } 
 if (grp > 0) { 
 query = query + " AND CG.CUSTOMER_KEY = G.CUSTOMER_KEY AND CG.GROUPS_KEY =  
 G.GROUPS_KEY AND U.CONTRACT_KEY = CG.CONTRACT_KEY AND G.CUSTOMER_KEY = "       
 + customer_key + " AND G.GROUPS_KEY = " + grp + " "; 
 } 
 
CMy010Cust cust = new CMy010Cust(); 
 cust.setCustomerKey(customer_key); 
 String bill_cycle = cust.getBillCycleCode(); 
 query = query + " AND U.BILL_CYCLE = ’" + bill_cycle + "’ "; 
 query = query + orderBy; 
 // run the query and fetch the results 

2QH PD\ QRWLFH IURP WKH DERYH FRGH WKDW WKHUH DUH GLIIHUHQW 64/ VWDWHPHQWV








U.CUSTOMER_ID = $customer_id$ 
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WHERE 
U.CUSTOMER_ID = $customr_id$ AND 
U.CALL_KEY = CV.CALL_KEY AND 
CV.CALL_TYPE = ’$call_type$’ AND 
CG.CUSTOMER_KEY = G.CUSTOMER_KEY AND 
CG.GROUPS_KEY = G.GROUPS_KEY AND 
U.CONTRACT_KEY = CG.CONTRACT_KEY AND 
G.CUSTOMER_KEY = $customer_key$ AND 
G.GROUPS_KEY = $group_key$ 
GROUP BY U.O_P_NUMBER ORDER BY SUM(U.ROUNDED_VOLUME) DESC 
7KHDERYH-DYDFRGHLVFRPSOH[WRWKHGHJUHHWKDWWKHGHYHORSHUKDVWRZULWH
WKH FRGH FDUHIXOO\ LQ RUGHU QRW WR PDNH DQ\ PLVWDNH  0RUHRYHU LW LV QRW HDVLO\
UHDGDEOHRUXQGHUVWDQGDEOHWKRXJKWKHUHVXOWLQJ64/VWDWHPHQWVDUHYHU\FOHDU7KH
IROORZLQJ LVDVDPSOHFRGHWKDWXVHVGHFRXSOLQJWRVROYHWKLVSUREOHP  ,W LVVKRZQ
RQO\DJDLQVWWKHVLPSOH64/VWDWHPHQW
 --@begin CUSTOMER_CALL_USAGE_ACCESS 
 --@group CALL_USAGE 
SELECT 
--$call$ U.O_P_NUMBER AS NUMBER1, TO_CHAR(COUNT(*)) AS VALUE 
--$cost$ U.O_P_NUMBER AS NUMBER1, TO_CHAR(SUM(U.RATED_AMOUNT)) AS VALUE 




U.CUSTOMER_ID = $customer_id$ 
--$call$ GROUP BY U.O_P_NUMBER ORDER BY COUNT(*) DESC 
--$cost$ GROUP BY U.O_P_NUMBER ORDER BY SUM(U.RATED_AMOUNT) DESC 
--$dur$ GROUP BY U.O_P_NUMBER ORDER BY SUM(U.ROUNDED_VOLUME) DESC 
--@end CALL_USAGE 
7KHFRGHWKDWZLOOXVHWKLVTXHU\LGHDOO\ZLOOEHVLPLODUWRWKLV
 SQLBlock sqlBlock = SQLIndexer().getSQL("CUSTOMER_CALL_USAGE_ACCESS "); 
 // enable where keyword 
 sqlBlock.setTagValue("customer_id", customer_id); 
 // report_type is call, cost, or dur 
 sqlBlock.clearCommentTag(report_type); 
 Vector result = select(sqlBlock.getRuntimeSql()); 




'$2 'DWDEDVH $FFHVV 2EMHFW GHVLJQ SDWWHUQ ZKLFK GHFRXSOHV WKH EXVLQHVV ORJLF
IURPWKHGDWDDFFHVVORJLFH[WHUQDOL]HV64/VWDWHPHQWVWRUHGXFHUHGXQGDQF\7KLV
LV EDVLFDOO\ GRQH LQ RUGHU WR UHGXFH ZULWLQJ VLPLODU $3,V WKDW VKDUH WKH VDPH 64/
VWDWHPHQWV>681@
64/VWDWHPHQWV WKDWGULYH WKHEXVLQHVV IXQFWLRQDOLW\FDQEH LQWURGXFHGDW WKH
GHVLJQSKDVHDVDVHSDUDWHGHOLYHUDEOH7KLVGHOLYHUDEOHFDQEHLQWHJUDWHGLQWRWKH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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FRGHZLWK WKHPLQLPXP DPRXQW RI HIIRUW  7KH GHYHORSHUV FDQ WKHQ HDVLO\ FKDQJH
64/VWDWHPHQWVLQWKHGHYHORSPHQWSKDVHLIUHTXLUHG7KLVOHDGVWKHGHYHORSPHQW
WHDP WR IRFXV PRUH RQ DFKLHYLQJ WKH IXQFWLRQDO UHTXLUHPHQWV DQG QRW JHW WRR
LQYROYHGLQGDWDEDVHWHFKQLFDOLVVXHV
$FWXDOO\LWKDSSHQVPRVWRIWKHWLPHWKDWWKH64/VWDWHPHQWVDUHFRQVLGHUHGDV
DQ LQGLYLGXDO DFWLYLW\ WKDW LV GRQHDVSDUWRI WKH LPSOHPHQWDWLRQHYHQ LI WKHUHDUH
LPSOHPHQWDWLRQJXLGHOLQHVIRUWKHZKROHWHDP7KHLPSOHPHQWDWLRQJXLGHOLQHVZRXOG
QRWEHHIIHFWLYHLQFRYHULQJDOOWKHFRQFHUQVUHJDUGLQJWKHGDWDEDVH64/VWDWHPHQWV
6LQFH HYHU\ GHYHORSHU LV UHVSRQVLEOH IRU FRPSOHWLQJ KLVKHU MRE LQ WKHZD\ KHVKH
VHHV64/VWDWHPHQWVPD\QRWKDYHDVWDQGDUGRUDFRPPRQDSSURDFK0RUHRYHU
WKHUH ZLOO EH D GHOD\ LQ WKH GHYHORSPHQW LI WKH GHYHORSHU QHHGV FRQVXOWDQF\ IRU
EXLOGLQJFRPSOH[64/VWDWHPHQWV
)RU GDWDEDVH GULYHQ DSSOLFDWLRQV WKH GDWDEDVH GHVLJQPXVW EH LQWURGXFHG LQ









WKH\ FRPELQH WKHLU NQRZOHGJH RI WKH GDWDEDVH DUFKLWHFWXUH ZLWK WKH DSSOLFDWLRQ¶V
IXQFWLRQDODQGQRQIXQFWLRQDOUHTXLUHPHQWVWKH\ZRXOGUHDFKPRVWRILIQRWDOOWKH
UHTXLUHG 64/ VWDWHPHQWV WKDW ZRXOG EH QHHGHG LQ WKH LPSOHPHQWDWLRQ SKDVH
3RVWSRQLQJ WKH DFWLYLW\ RI ILQGLQJ WKH 64/ WHPSODWHV WR WKH LPSOHPHQWDWLRQ SKDVH







x 0DLQWDLQDELOLW\ 7KLV VROXWLRQ PD\ EH WHPSWLQJ IRU VRPH XQSURIHVVLRQDO
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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GHYHORSHUV WR FKDQJH WKH 64/ VWDWHPHQWV DW UXQWLPH ZKLFK PD\ FDXVH VRPH
WURXEOHDVFKDQJHVDUHQRWWHVWHG+RZHYHUDOOSURWHFWLRQPHWKRGVFDQEHWDNHQ




8VXDOO\ ERWK GHYHORSHUV DQG '% H[SHUWV UHDG WKHVH ILOHV XVLQJ DQ 64/ HGLWRU
6XFKDQHGLWRUPDNHVWKHLUZRUNYHU\VPRRWK
x &RPSOH[LW\ 7KHSDWWHUQ LQFUHDVHV WKH OHYHORIXQGHUVWDQGDELOLW\DQGUHDGDELOLW\
RIWKH64/VWDWHPHQWVIRUERWKWKHGHYHORSHUDQGWKH'%H[SHUW,WUHGXFHVDOVR
WKH FRGH FRPSOH[LW\ WKDWZRXOGKDYHEHHQXVHG WREXLOG64/ VWDWHPHQWV  7KH
GHYHORSHUQRORQJHUQHHGVWRWUDFHWKHFRGHWRVHDUFKIRUDVLPSOH64/HUURUDQG
WKH'%H[SHUWGRHVQRWKDYHWRXQGHUVWDQGWKHSURJUDPPLQJODQJXDJH%RWKRI
WKHP FDQ VLPSO\ UHDG WKH 64/ VWDWHPHQW VWRUHG RXWVLGH WKH DSSOLFDWLRQ DQG
ILJXUHRXWWKHSUREOHPZLWKPLQLPXPHIIRUW
7.4.6 Related Patterns 
x '$2 'DWDEDVH $FFHVV 2EMHFWV 7KH SDWWHUQ LQWURGXFHV WKH FRQFHSW RI
VHSDUDWLQJWKHEXVLQHVV ORJLF IURPWKHGDWDDFFHVV ORJLF ,WDOVRKLGHVWKHGDWD
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EHKDYLRU  7KH ORJ ILOHV DUHXVHIXO WR WKHGHYHORSHUEHFDXVH WKH\VKRZ WKHV\VWHP
EHKDYLRU  7KH LPSRUWDQFHRI ORJJLQJ LVPRVW VLJQLILFDQWZKHQ WKHDSSOLFDWLRQ LV LQ
SURGXFWLRQ  7KLV SUDFWLFH LV XVXDOO\ GHOD\HGXQWLO WKHGHYHORSPHQWSKDVHDQG LW LV
XVXDOO\ GRQH RQ LQGLYLGXDO EDVLV DQG WKH\ JHQHUDOO\ GR QRW FRQIRUP WR D FHUWDLQ
ORJJLQJ VWDQGDUG  7KLV OHDGV DW WKH HQG WR PHVV\ ORJ ILOHV WKDW FRQWDLQ D ORW RI
PHVVDJHV IURPPDQ\ VRXUFHV  7KLV XQSURIHVVLRQDO GHYHORSPHQW SUDFWLFH KDSSHQV
PRVWO\EHFDXVH





0RUHRYHU LI ORJJLQJ LV SUDFWLFHG GXULQJ GHYHORSPHQW LW WDUJHWV PDLQO\ WKH
IXQFWLRQDOEHKDYLRURIWKHV\VWHP3HUIRUPDQFHSUREOHPVDUHWKHOHDVWORJJHGLVVXHV
HVSHFLDOO\ LI WKH V\VWHPSDVVHV WKH ORDG WHVWLQJ VFHQDULRV +RZHYHU ORJJLQJPXVW
VWLOOEHHQDEOHGZKHQ WKHV\VWHPLV LQWKHSURGXFWLRQSKDVHEHFDXVHWHVWVFHQDULRV
FDQQRW GHWHFW DOO SUREOHPV  )RU H[DPSOH DQ HEXVLQHVVZHEDSSOLFDWLRQPLJKW EH
WHVWHG DJDLQVW D FHUWDLQ QXPEHU RI XVHUV DQG SDVVHV VXFFHVVIXOO\  +RZHYHU WKH
V\VWHP IDLOV ZKHQ LW LV DYDLODEOH IRU SXEOLF DFFHVV EHFDXVH WKH QXPEHU RI XVHUV
H[FHHGV WKH WHVWHU¶V H[SHFWDWLRQ  7KH V\VWHP FRXOG EH UHWHVWHG EXW LW ZRXOG EH
PXFKPRUHHIILFLHQW LI WHVWLQJ LVFRPELQHGZLWKVRPHNQRZOHGJHIURPWKH ORJ ILOHV
)RU H[DPSOH D JHQHUDO SHUIRUPDQFH SUREOHP FDQ EH GHWHFWHG ZLWK DQ HEXVLQHVV
ZHEDSSOLFDWLRQ  ,I WKHUH DUHQR ORJV WKHQ WKH WHVWHUZLOO QRWEHDEOH WR WHOO IURP
ZKHUHH[DFWO\WKHSUREOHPDULVHV +H6KHKDVWRWHVWHYHU\WKLQJDJDLQ +RZHYHU
ORJVFDQVKRZWKDWDFHUWDLQGDWDEDVH64/ IRUH[DPSOHQHHGVPRUHWXQLQJ LI WKH
SHUIRUPDQFHEHKDYLRULVORJJHG
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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7KH SXUSRVH RI WKLV GHVLJQ SDWWHUQ LV PDLQO\ WR LQWURGXFH D ORJJLQJ GHVLJQ















7KHSXUSRVHRI WKLVGHVLJQSDWWHUQ LV WR LQWURGXFHD WHFKQLTXHZKLFK WUDFHVD
V\VWHP¶VSHUIRUPDQFHLQWKHILUVWSODFHDQGKHQFHWREXLOGPRUHUREXVWDSSOLFDWLRQV




GURSSHG WKHQ ORJJLQJ ZLOO HQG XS LQWR FKDRV  7KH ORJJLQJ VROXWLRQ JXDUDQWHHV
SURSHUDQGVWDQGDUG UHSUHVHQWDWLRQRI WKHDSSOLFDWLRQDFWLYLWLHVDQGSUREOHPVGRHV
QRW FRPSOLFDWH WKH V\VWHP DQG LQWURGXFHV FRQILJXUDWLRQ FDSDELOLWLHV  7KH ORJJLQJ
URDGPDS LV LQYHQWHG KHUH DV DZD\ WR OHW WKH GHYHORSHU NQRZZKDW DQGZKHUH WR
PDNH ORJJLQJ  7KH URDGPDS LV EHVW VWDUWHG DQG UHSUHVHQWHG LQ WKH GHVLJQ SKDVH
2QH RI WKH URDGPDS EHQHILWV LV WKDW LW HPSKDVL]HV DQG FODULILHV WKH GXWLHV RI WKH
GHYHORSHUV UHJDUGLQJ ORJJLQJ  0RUHRYHU LW SUHYHQWV LQGLYLGXDO GHYHORSHUV IURP
LQYHQWLQJ WKHLU ORJJLQJ PHWKRGRORJ\ ZKLFK PD\ FRQWUDGLFW ZLWK RWKHUV¶
PHWKRGRORJLHVE\SURYLGLQJDVWDQGDUGORJJLQJVROXWLRQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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)LJXUH/RJJLQJ3DWWHUQ0DLQ6WUXFWXUH







 /RJ /HYHO 7KH W\SH RI WKH PHVVDJH HJ &ULWLFDO (UURU :DUQLQJ
,QIRUPDWLRQ'HEXJHWF
 /RJJLQJ 3RLQW 7KH SODFHZKHUH WKHPHVVDJH LV ORJJHG  7KLV VKRXOG
KDYHEHHQVKRZQLQWKHORJJLQJURDGPDS
 0HVVDJH 7KHPHVVDJHLVDOUHDG\GHILQHGIURPWKHORJJLQJURDGPDS
 3HUIRUPDQFH 0HDVXUHPHQW 2SWLRQDO 7KH FULWHULD E\ ZKLFK WKH
V\VWHPFDQWHOOWKDWWKHUHLVDSRVVLELOLW\RIDSHUIRUPDQFHSUREOHP
7KHVH DWWULEXWHV KDYH WR H[LVW HYHQ LI WKH VROXWLRQ ZLOO EH PRGLILHG RU
H[WHQGHG  7KH ILUVW IRXU DWWULEXWHV DUH FRPPRQ IRUPDQ\ ORJJLQJ VROXWLRQV  7KH
SHUIRUPDQFH PHDVXUHPHQW DWWULEXWH LV D VXJJHVWHG DGGLWLRQ LQ WKLV UHVHDUFK  )RU
H[DPSOH WKHPHDVXUHPHQW FULWHULD FDQ EH WKHPD[LPXP DPRXQW RI WLPH WKDW WKH
GDWDEDVH 64/ VWDWHPHQW FDQQRW H[FHHG HJ  VHFRQGV  ,I DQ 64/ VWDWHPHQW
H[FHHGV  VHFRQGV WKHQ WKH ORJJHU ZLOO ORJ WKLV SUREOHP LQGLFDWLQJ WKDW LW LV DQ
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DPRXQWRI LQIRUPDWLRQ ORJJHGRXWRI WKHDSSOLFDWLRQ  ,W LV WKH UHVSRQVLELOLW\RI WKH
V\VWHP DGPLQLVWUDWRU WR GHWHUPLQH WKH NLQG RI LQIRUPDWLRQ WKDW VKRXOG EH ORJJHG
IURP WKH ORJ OHYHOV DFFRUGLQJ WR WKH V\VWHP VWDELOLW\ DQG WKH EXVLQHVV QHHG
+RZHYHUWKHORJOHYHOWXQLQJPXVWQRWSXWDEXUGHQRYHUWKHV\VWHPLWVHOIDQGFDXVH
D SHUIRUPDQFHGHOD\  )RU H[DPSOH LI WKH V\VWHPKDVD&5,7,&$/ ORJ OHYHODWRQH
HQG DQG'(%8* ORJ OHYHO DW WKH RWKHU HQG WKHQ WKH DGPLQLVWUDWRUPD\ FKRRVH WR
VWDUWZLWKWKH'(%8*OHYHOLQWKHVRIWODXQFKRIDQHEXVLQHVVDSSOLFDWLRQ$'(%8*







EH GHWDLOHG HQRXJK WR LQGLFDWH WKH ULJKW VRXUFH RI WKH SUREOHP  $FWXDOO\ WKH
SHUIRUPDQFH KDQGOHU FDQ EH D V\VWHP LQ LWV RZQ ULJKW ZKLFK PDNHV D IXOO VHOI
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LV FRPSOHWHG  7KH ORJJLQJ URDGPDS LWHUDWLRQ SURFHVV LQYROYHV WKH IROORZLQJ
DFWLYLWLHV
 9LVLW DOO WKH FROODERUDWLRQ GLDJUDPV DQG GHSLFW ZKHUH WKH PHVVDJH
VKRXOGEHSULQWHG
 7KHPHVVDJHRUDWOHDVWWKHW\SHRILQIRUPDWLRQWKDWVKRXOGEHORJJHG
HJ HUURU PHVVDJH RU SHUIRUPDQFH VKRXOG EH GHFLGHG DW HYHU\
ORFDWLRQ
 3HUIRUPDQFH PHDVXUHPHQW FULWHULD PD\ EH GHFLGHG IRU VRPH
FRPSRQHQWV  6HTXHQFH GLDJUDPV FDQ EH XVHG WR KLJKOLJKW WKH
ORFDWLRQVWKDWZLOOPRVWDIIHFWSHUIRUPDQFH
 $VHSDUDWHDUWLIDFWFDQEHGHOLYHUHGRXWRIWKLVLWHUDWLRQWRLQGLFDWHWKH
ORFDWLRQV ORJ OHYHO PHVVDJH DQG ZKHWKHU WKHUH LV D SHUIRUPDQFH
ORJJLQJRUQRW
)RUH[DPSOH)LJXUHFODULILHVSUHFLVHO\ WKHPHWKRGV WKDWDUHQHHGHG WR ORJ
HYHQWV HUURUV DQGSHUIRUPDQFHEHKDYLRU 1RWLFH WKDW WKHGLDJUDPGRHVQRW VKRZ
KRZORJJLQJZLOORFFXUDVLWLVQRWWKHLVVXHGLVFXVVHGLQWKHORJJLQJURDGPDS7DEOH
 VKRZV D VXJJHVWHG ORJJLQJ URDGPDS GRFXPHQW WKDW FDQ EH GHOLYHUHG WR WKH
GHYHORSPHQW WHDP WR VWDUW ZRUNLQJ  7KLV GRFXPHQW FDQ HYROYH WR FRQWDLQ PRUH
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/RJ3RLQW &ODVV0HWKRG 7\SH 0HVVDJH
 %UHDNLQJ1HZVIHWFK (UURU )HWFKHGLQIR







7KLV VWDQGDUG ORJJLQJ WHFKQLTXHRSHQV WKHGRRU IRU ORJ DQDO\]HUV WR UXQRYHU
WKHORJVDWUXQWLPHDQGJHQHUDWHYDOXDEOHUHSRUWVDERXWWKHV\VWHP7KHVHUHSRUWV
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7.6 Performance Pattern Language 
7KH 3HUIRUPDQFH 3DWWHUQ /DQJXDJH LV WKH FROOHFWLRQ RI WKH VHOHFWHG SDWWHUQV
ZLWK JXLGHOLQHV RI WKH EHVW PHWKRG WR XVH WKHP  )LJXUH  VKRZV WKH WKUHH
FDWHJRULHV RI SDWWHUQV LQWRZKLFK WKH ILYHSDWWHUQV WKDW UHVXOWHG IURP WKLV UHVHDUFK
VWXG\FDQEHGLYLGHG
 3HUIRUPDQFH RSWLPL]DWLRQ SDWWHUQV WKDW KDYH GLUHFW LPSDFW RQ HQKDQFLQJ
SHUIRUPDQFH 7KH 'DWDEDVH &RQQHFWLRQ 3RRO &DFKH DQG 6WDWLF (QDEOHU
3DWWHUQVIDOOLQWRWKLVFDWHJRU\







Complexity break down Performance Monitoring
)LJXUH3HUIRUPDQFH3DWWHUQ/DQJXDJH&DWHJRULHV

(YHU\ RQH RI WKH OLVWHG SDWWHUQV FDQ EH LQWURGXFHG RQ LWV RZQ  +RZHYHU
LQWURGXFLQJ DOO RI WKHP WRJHWKHU PDNHV WKH GHYHORSHU KDQGOH WKH SHUIRUPDQFH
RSWLPL]DWLRQ SURFHVV IURP PDQ\ DVSHFWV  )LJXUH  VKRZV WKH VXJJHVWHG
UHODWLRQVKLSDPRQJDOOWKHVXJJHVWHGSDWWHUQV7KHILJXUHVKRZVWKDWWKH/RJJHUDQG









7KH 64/ VWDWHPHQW 7HPSODWH SURYLGH WKH GHYHORSHU ZLWK DQ HDV\ DQG
XQGHUVWDQGDEOHPHWKRG WR WXQH DQG IL[ WKHGDWDEDVHTXHULHVZKLFKDUH WKHDFFHVV
SRLQWVWRWKHVRXUFHRILQIRUPDWLRQ7KH'DWDEDVH&RQQHFWLRQ3RROWKH&DFKHDQG
WKH 6WDWLF (QDEOHU SDWWHUQV SURYLGH GLUHFW LPSURYHPHQW WR WKH ZHE DSSOLFDWLRQV LI
WKH\DUHSURSHUO\DSSOLHG+RZHYHUWKHORJJHUUHPDLQVWKHDSSOLFDWLRQH\HWKDWWULHV
WRVHHRWKHUSHUIRUPDQFHERWWOHQHFNVDQGDSSOLFDWLRQSUREOHPVLQJHQHUDO
)RU H[DPSOH LI WKH GHYHORSHU FKRRVHV WR DSSO\ RQO\ WKH SHUIRUPDQFH
RSWLPL]DWLRQ SDWWHUQV LQ D GDWDEDVHGULYHQ HFRPPHUFH DSSOLFDWLRQ WKDW KDYH
WKRXVDQGV RI YLVLWV WKHQ KHVKHPD\ IDFH SUREOHPV  7KHVH SUREOHPVPD\ QRW EH
UHVROYHG HDVLO\ EHFDXVH RI KLVKHU LJQRUDQFH RI D SDUWLFXODU SUREOHP DQG WKH EHVW
ZD\WRVROYH LW (YHQLIWKHSUREOHPLVNQRZQZKLFKZLOOGHILQLWHO\WDNHPRUHWLPH
IRU LQYHVWLJDWLRQ WKHQ IL[LQJ LWPD\ EH YHU\ H[SHQVLYH LI LW KDG UHVXOWHG IURP WKH
GDWDEDVH64/VWDWHPHQWV7KHIL[LQJSURFHVVUHTXLUHVWKHIROORZLQJ
 $WKRURXJKLQYHVWLJDWLRQRIWKHDSSOLFDWLRQFRGHWRNQRZWKHVRXUFHRIWKH
SUREOHP  7KH LQYHVWLJDWLRQ PD\ UHTXLUH DGGLQJ DG KRF ORJJLQJ
VWDWHPHQWVZKLFKPD\EH OHIWDIWHU WKHSUREOHPLVUHVROYHGWR LQWURGXFH
RWKHUVLGHHIIHFWVWRWKHDSSOLFDWLRQ
 ,I WKH VRXUFH RI WKH SUREOHP LV GXH WR DQ 64/ VWDWHPHQW DIWHU
LQYHVWLJDWLRQ WKHQ WKHGHYHORSHUKDV WR IL[ LW DQGPDLQWDLQ DW WKH VDPH
WLPHWKHDSSOLFDWLRQFRGHFRQVLVWHQF\DIWHUKHVKHILQLVKHV
 7KHGHYHORSHUKDVWRWHVWWKHDSSOLFDWLRQDJDLQQRWRQO\DJDLQVWWKHIDLOXUH
SRLQWEXWDOVRDJDLQVWDOO RWKHU UHODWHGFDVHV LQRUGHU WRHQVXUH WKDW WKH
IL[LQJGRHVQRWFRUUXSWRWKHUFRPSRQHQWVLQWKHDSSOLFDWLRQ
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV






WKH JXLGDQFH WR LQYHVWLJDWH LI LQYHVWLJDWLRQ ZDV UHTXLUHG DQG PD\ QRW UHTXLUH
LQYHVWLJDWLRQDWDOO0RUHRYHULIWKHIL[RIWKHSUREOHPZRXOGUHTXLUHWXQLQJDQ64/
VWDWHPHQW WKHQ WKH 64/ VWDWHPHQW FKDQJH LV GRQH VWUDLJKWIRUZDUG LQ WKH 64/
VWDWHPHQWV ILOH  $OVR WKH64/ VWDWHPHQW IL[ FRXOGEH WHVWHGDJDLQVW WKHGDWDEDVH
GLUHFWO\ZLWKRXWJHWWLQJWKHDSSOLFDWLRQGRZQ7KHFRGHRIWKHZHEDSSOLFDWLRQLQWKLV
FDVHZDVQRWFKDQJHGDWDOO
)LJXUH  VKRZV RXU VXJJHVWHG DSSURDFK IRU SHUIRUPDQFH RSWLPL]DWLRQ  ,Q
WKHGHVLJQSKDVHDOO WKHSDWWHUQVFDQEHGHYHORSHGFRQFXUUHQWO\EXWWKHURDGPDS
YLVLWV IRU ORJJLQJDQGFDFKLQJVKRXOGEHGRQHDW WKHHQGRI WKHGHVLJQSKDVH 7KH
H[SHFWHGDUWLIDFWVWREHGHOLYHUHGDUH
 &DFKH 5RDGPDS 'RFXPHQWZKHUH FDFKLQJ SRVLWLRQV DUH VKRZQ FOHDUO\ DJDLQVW
WKH FODVV PHWKRGV >5HIHU WR WKH FDFKLQJ SDWWHUQ LQ VHFWLRQ  IRU PRUH
LQIRUPDWLRQ@
 /RJJLQJ5RDGPDS'RFXPHQWZKHUH ORJJLQJSRLQWVDUH VKRZQDJDLQVW WKHFODVV
PHWKRGV>5HIHUWRWKH/RJJHUSDWWHUQLQVHFWLRQIRUPRUHLQIRUPDWLRQ@
 64/ 6WDWHPHQWV 7HPSODWHV 'RFXPHQW 7KLV LV DQ LQLWLDO 64/ VWDWHPHQW
VSHFLILFDWLRQ ZKLFK PD\ EH FKDQJHG LQ WKH LPSOHPHQWDWLRQ SKDVH  7KLV
GRFXPHQWFDQIHHGWKHLPSOHPHQWDWLRQSKDVHGLUHFWO\ZLWKRXWDQ\FKDQJHLQWKH
GRFXPHQWIRUPDW
 &ROODERUDWLRQ 'LDJUDPV 5HYLVLWHG IRU &DFKLQJ 	 ORJJLQJ ,I WKH URDGPDS
GRFXPHQWV VKRZ WKH ORJJLQJ DQG FDFKLQJ SRLQWV DFURVV WKH ZKROH DSSOLFDWLRQ
FROODERUDWLRQGLDJUDPVVKRZWKHPDFURVVWKHGLIIHUHQWVFHQDULRV
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
- 113 - 
































































- 114 - 
7KH DUWLIDFWV FRPSULVH WKH VWDUWLQJ SRLQW IRU WKH LPSOHPHQWDWLRQ SKDVH  $V
VKRZQLQ)LJXUHWKHUHDUHSDUWLDOGHSHQGHQFLHVDFURVVORJJLQJ&DFKLQJDQGWKH
&RQQHFWLRQ 3RRO  7KH ORJJLQJ VROXWLRQ VKRXOG EH GHYHORSHG ILUVW EHFDXVH LW LV WKH
LQIUDVWUXFWXUH WKDWZLOO EH XVHG LQ WKH FDFKH DQG WKH FRQQHFWLRQ SRRO  /RJJLQJ LV
XVHG JOREDOO\ DFURVV WKH ZKROH DSSOLFDWLRQ  +RZHYHU LW GRHV QRW SUHYHQW WKH
LPSOHPHQWDWLRQ RI RWKHU VFHQDULRV VXFK DV UHILQLQJ 64/ VWDWHPHQWV LPSOHPHQWLQJ
WKH64/6WDWHPHQW WHPSODWHSDWWHUQDQG LPSOHPHQWLQJ WKH6WDWLF(QDEOHUSDWWHUQ
,Q RUGHU QRW WR GLVUXSW WKHZRUN RI WKH GHYHORSPHQW WHDPZLWK WKH QRQIXQFWLRQDO
DFWLYLWLHV DQ LWHUDWLRQ FDQ EH FRQGXFWHG RYHU WKH ZKROH DSSOLFDWLRQ WR LQVHUW WKH
ORJJLQJ DQG WKH FDFKLQJ SRLQWV  7KLV LWHUDWLRQ FDQ EH FRQGXFWHG RQ WKH FODVV
FRPSRQHQW SDFNDJH DQG DSSOLFDWLRQ OHYHOV ZLWK WKH KHOS RI WKH URDGPDS
GRFXPHQWV  1RWH WKDW WKH LPSOHPHQWDWLRQ SODQ PD\ VWDUW ORJJLQJ DQG FDFKLQJ
URDGPDSYLVLWVHDUO\DFFRUGLQJWRWKHFROODERUDWLRQGLDJUDPVFKHFNSRLQWV
,W LV LPSRUWDQW WR XQGHUVWDQG WKDW WKH DFWLYLWLHV WKDW DUH SHUIRUPHG LQ WKH
GHVLJQ SKDVH DQG UHVXOWLQJ WR DUWLIDFWV DUH PDQGDWRU\ WR GHYHORS WKH VXJJHVWHG
GHVLJQ SDWWHUQV  +RZHYHU WKH\ SURYLGH WKH GHYHORSPHQW WHDP ZLWK WKH EHVW
SUDFWLFH WR HIILFLHQWO\ XVH WKH SDWWHUQV  ,Q RWKHU ZRUGV WKH ZURQJ XVDJH RI WKH
SDWWHUQV LQYDOLGDWHV WKHLU LPSOHPHQWDWLRQ DQG PDNHV WKH GHYHORSHG DSSOLFDWLRQ
XQUHOLDEOH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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8.1 Quality Validation 
7KHTXDOLW\YDOLGDWLRQV OLVWHGEHORZDUH LQWHQGHG WRJLYHDQDQDO\WLFDOYLHZRI
WKH VXJJHVWHG GHVLJQ SDWWHUQV  7KH\ DWWHPSW WR TXDOLI\ WKH VXJJHVWHG SDWWHUQ
ODQJXDJHIURPPDQ\DVSHFWV LQRUGHUWRSURYHWKDWLW LVZRUWKLPSOHPHQWLQJ7KH\
GRQRWUHSUHVHQWDMXGJPHQWRQWKHYDOLGLW\DQGDSSOLFDELOLW\RIWKHSDWWHUQODQJXDJH
VLQFH MXGJPHQW VKRXOG EH OHIW WR WKH UHDGHU  ,W JLYHV D EURDG GLVFXVVLRQ RI WKH
VXJJHVWHGSDWWHUQ ODQJXDJHDQG VKRZVH[DPSOHV IURP WKH ILYHSDWWHUQVZKHQHYHU
SRVVLEOH WR SURYH WKHLU YDOLGLW\  +RZHYHU MXGJPHQW FDQ DOZD\V GLIIHU IURP RQH
UHDGHUWRDQRWKHU
8.1.1 Encapsulation and Abstraction 
$OO WKH VXJJHVWHG SDWWHUQV GHILQH WKHLU SUREOHPV DQG JLYH GHWDLOHG VROXWLRQV
DFFRUGLQJWRWKHLUFRQWH[W$VDUHPLQGHUDOOSDWWHUQVDUHWDUJHWLQJGDWDEDVHGULYHQ
ZHEDSSOLFDWLRQV  )RU H[DPSOH WKH6WDWLF(QDEOHU3DWWHUQ VSHFLILHV LWV VROXWLRQ IRU
WKH ZHE DSSOLFDWLRQV WKDW ZDQW WR FRPELQH WKH EHQHILWV RI ERWK WKH G\QDPLF DQG
VWDWLF SDJHV  6R WKH DSSOLFDWLRQV WKDWZLOO OLYH IRUHYHU DV VWDWLFPD\ QRW XVH WKLV
SDWWHUQDVZHOODVWKHDSSOLFDWLRQVWKDWKDYHG\QDPLFSDJHVDQGZLOOQRWDFFHSWDQ\
VWDWLFSDJHV
$OO WKH SDWWHUQV VXJJHVWHG LQ WKLV UHVHDUFK ZHUH LQWURGXFHG LQ DQ DEVWUDFW
IRUPDW LQ RUGHU WR DOORZ WKH GHYHORSHU WR VHHN WKH PRVW VXLWDEOH LPSOHPHQWDWLRQ
DFFRUGLQJ WR WKHDYDLODEOH UHVRXUFHVDQG WKHVHOHFWHGSURJUDPPLQJ ODQJXDJH 7KH
GHYHORSHUV DUH QRW IRUFHG WR XVH VSHFLILF PHWKRG QDPHV RU HYHQ FODVV QDPHV
0RUHRYHU DOPRVW DOO WKH LQWURGXFHG SDWWHUQV FDQ ZRUN HOHJDQWO\ LI DSSOLHG WR
GDWDEDVHGULYHQ GHVNWRS DSSOLFDWLRQV  ,I D GHVNWRS DSSOLFDWLRQ KDV D FRQFXUUHQW
DFFHVV IHDWXUH DQG LW LV GDWDEDVHGULYHQ WKHQ WKHUH ZLOO EH QR SUREOHP DSSO\LQJ
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UHVRXUFHV DUH DOORFDWHG DW RQFH DFTXLVLWLRQ LQ ERWK RI WKHP 7KH VDPH FRQFHSW
FRXOG EH DSSOLHG WR WKH 6WDWLF (QDEOHU SDWWHUQ E\ ZKLFK WKH FRQYHUVLRQ RI WKH
G\QDPLFSDJHV WR VWDWLFPD\EHGRQHRQGHPDQGRUDFFRUGLQJ WRD VFKHGXOHU WKDW
FRQYHUWVDOOWKHG\QDPLFSDJHV
7KHUH LV QRWKLQJ WKDW SUHYHQWV WKH LPSOHPHQWDWLRQ RI DOO WKH SDWWHUQV XVLQJ
-DYD&RU&IRUH[DPSOHVLQFHWKHLUGHVLJQVDUHJHQHULFHQRXJK7KH\FRXOGEH
LPSOHPHQWHGRQGLIIHUHQWSODWIRUPVDVWKHUHDUHQRFRQVWUDLQWVUHJDUGLQJWKLVSRLQW
0RUHRYHU WKH SDWWHUQV DUH WRWDOO\ LQGHSHQGHQW IURP DQ\ SURJUDPPLQJ ODQJXDJH
)RU H[DPSOH WKH 64/ 6WDWHPHQW 7HPSODWH SDWWHUQ LQWURGXFHV WKH ,QGH[HU
FRPSRQHQW ZKLFK LV UHVSRQVLEOH IRU LQGH[LQJ WKH 64/ VWDWHPHQW WHPSODWHV LQ WKH
DSSOLFDWLRQPHPRU\ WR VSHHGXS WKHLU DFFHVV $FWXDOO\ VXFKD FRQFHSW LV QDWLYHO\
LPSOHPHQWHGLQDODQJXDJHOLNH-DYDDVDFODVVFDOOHGMDYDXWLO+DVKWDEOH$OWKRXJK
WKH SURRIRIFRQFHSWV LPSOHPHQWDWLRQ RI WKH SDWWHUQV ZDV GRQH LQ -DYD WKH
FRPSRQHQW LWVHOIZDV LQWURGXFHG FRPSOHWHO\ VHSDUDWH IURP -DYD WR OHDYHXS WR WKH
UHDGHUVWRLPSOHPHQWWKHPDFFRUGLQJWRWKHFKRVHQSURJUDPPLQJODQJXDJH
8.1.3 Equilibrium 
$OO WKH SDWWHUQV LQWURGXFHG QXPHURXV EHQHILWV HDFK DFFRUGLQJ WR LWV FRQWH[W
7KHRSWLPL]DWLRQSDWWHUQVDUHVSHFLILFDOO\VXSSRUWHGE\WHVWLQJUHVXOWVDVVSHFLILHGLQ
VHFWLRQ   7KH VLGH HIIHFWV VKRZQ LQ HYHU\ SDWWHUQ ZRXOG EH H[SHFWHG LI WKH
GHYHORSHUV DSSO\ WKH SDWWHUQV LQ D ZURQJ FRQWH[W RU LI WKH\PLVLPSOHPHQW WKHP
)RU H[DPSOH GDWDEDVHGULYHQ DSSOLFDWLRQV WKDW KDYH VPDOO PHPRU\ DQG YHU\ IHZ
XVHUVPD\EHKXUWLIFRQQHFWLRQSRROLQJLVXVHGZLWKHDJHUDFTXLVLWLRQ3OHDVHUHIHU
WR WKH &RQVHTXHQFHV VHFWLRQV IRU HYHU\ SDWWHUQ IRUPRUH GHWDLOV RQ WKHLU SURV DQG
FRQV
8.1.4 Minimality 
$OO WKH SDWWHUQV KDYH VKRZQ WKHLU UHODWLRQV ZLWK RWKHU SDWWHUQV HLWKHU LQ WKLV
UHVHDUFKRUIURPRWKHUUHVHDUFKHUV)RUH[DPSOH7KH&RQQHFWLRQ3RROSDWWHUQPD\
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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UHFRJQL]H RWKHU SDWWHUQV IURP WKH UHVHDUFK OLNH WKH &DFKH DQG WKH /RJJHU  7KH
&DFKH LV UHFRJQL]HG E\ LWVHOI IURP WKH &RQQHFWLRQ 3RRO DQG WKH 64/ 6WDWHPHQW
SDWWHUQV  3OHDVH UHIHU WR VHFWLRQ  IRU PRUH LQIRUPDWLRQ DERXW WKH SDWWHUQV
UHODWLRQV
8.2 Testing 




YHULI\ WKH UHOLDELOLW\ RI WKH ZHE DSSOLFDWLRQ XVHG LQ WKH WHVWLQJ  7HVWLQJ ZDV QRW
LQWHQGHG WR FRPSDUH GHVLJQ SDWWHUQV LPSOHPHQWDWLRQ ZLWK RWKHU VROXWLRQV DV WKH










8.2.1 Memory Utilization 




LV DOORFDWHG DQG QRW GHDOORFDWHG WKLV ZLOO OHDG WR D PHPRU\ OHDN KHQFH WKH
DSSOLFDWLRQEHFRPHVXQVWDEOHDQGPRVWSUREDEO\LWZLOOFUDVK
$ JRRG RSWLPL]DWLRQ RI WKH PHPRU\ XWLOL]DWLRQ DFFRUGLQJ WR LWV FDSDFLW\ FDQ
PDNH WKH DSSOLFDWLRQ OLYH ORQJHU  +HQFH DPHPRU\ XWLOL]DWLRQ DQDO\VLV KDV WR EH
GRQHIRUWKHDSSOLFDWLRQWRHVWLPDWHWKHQHHGHGPHPRU\7KHPHPRU\DQDO\VLVKDV
WR WDNH LQWR FRQVLGHUDWLRQ WKH H[SHFWHG QXPEHU RI REMHFWV WKHLU VL]H DQG WKH
H[SHFWHGOLIHWLPHRIHYHU\REMHFW2WKHUV\VWHPVWKDWKDYHFRQFXUUHQWEHKDYLRUOLNH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV




DSSOLFDWLRQ UXVK KRXUV WKH KLJK QXPEHU RI XVHUV ZLOO VORZ GRZQ WKH DSSOLFDWLRQ
EHFDXVHWKHUHZLOOEHZDVWHG&38F\FOHVRQWKHVHUYHUIRUPHPRU\DOORFDWLRQDQGGH
DOORFDWLRQRSHUDWLRQV
$ 'DWDEDVH GULYHQ ZHE DSSOLFDWLRQ LQ SDUWLFXODU FDQ VXIIHU JUHDWO\ IURP WKH
GDWDEDVH FRQQHFWLRQV XWLOL]DWLRQ DQG GDWDEDVH REMHFWV  7KH GDWDEDVH FRQQHFWLRQV
XVXDOO\ FRQVXPH D JRRG PHPRU\ VL]H WDNH JRRG QXPEHU RI &38 F\FOHV DQG
FRQVXPH D IDLU ,2 SHUFHQWDJH RI WKH VHUYHU RSHUDWLRQV  %\ DOORFDWLQJ D SRRO RI
FRQQHFWLRQV WKH KHDY\PHPRU\ XWLOL]DWLRQ LV JUHDWO\ UHGXFHG HVSHFLDOO\ LI WKH SRRO
VL]HVWD\VVWDEOHIRUDORQJWLPHVLQFHDOOPHPRU\RSHUDWLRQVZLOOEHUHVWULFWHGLQWKH
UHDGRSHUDWLRQ7KHQXPEHURIGDWDEDVHREMHFWVLVEDVLFDOO\WLHGZLWKWKHQXPEHURI
FRQQHFWLRQV  +RZHYHU WKH GDWDEDVH REMHFWV FDQ YDU\ LQ VL]H GUDPDWLFDOO\  7KHLU
PHPRU\ XWLOL]DWLRQ EHKDYLRU PD\ EH YHU\ FORVH IURP WKH GDWDEDVH FRQQHFWLRQV
PHPRU\ XWLOL]DWLRQ EHKDYLRU LI QRW PRUH  &DFKLQJ XVXDOO\ VROYHV PRVW RI WKH
GDWDEDVH REMHFWV XWLOL]DWLRQ SUREOHPV  +RZHYHU FDFKH VL]H XVXDOO\ FKDQJHVPRUH
TXLFNO\WKDQWKHGDWDEDVHFRQQHFWLRQVSRROVL]H













PHPRU\  7KH DSSOLFDWLRQ SURFHVV WKDW UHTXLUHVPRUHPHPRU\ZLOO VXIIHU JUHDWO\ LI
WKH SDUW RI LWV PHPRU\ ZLOO EH VZDSSHG WR GLVN EHFDXVH LWV PHPRU\ XWLOL]DWLRQ¶V
QRUPDO GHOD\ ZLOO LQFUHDVH XQWLO WKH UHTXLUHG PHPRU\ EORFNV DUH ORDGHG WR WKH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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SK\VLFDOPHPRU\
8.2.2 Performance Optimization Evolution 
7KH ILUVW WHVWLQJ VFHQDULR VKRZV WKDW D ZHE DSSOLFDWLRQ SHUIRUPDQFH FDQ EH
HQKDQFHG JUHDWO\ LI LW LPSOHPHQWV WKH SHUIRUPDQFH RSWLPL]DWLRQ WHFKQLTXHV
VXJJHVWHG LQ WKH UHVHDUFK  7KLV WHVWLQJ KDV EHHQ UXQ RQ D ,%0 :HE6SKHUH
DSSOLFDWLRQVHUYHUWHVWHQYLURQPHQW7KHWHVWHQYLURQPHQWLVE\QDWXUHVORZHUWKDQ
WKHUHDOSURGXFWV+RZHYHUVLQFHWKHHQYLURQPHQWLVQRWFKDQJHGWKHUHVXOWFDQEH
DFFHSWDEOH WR YHULI\ WKH RSWLPL]DWLRQ SRLQW  7KH IROORZLQJ DUH WKH UXQV WKDW KDYH
EHHQWULHG
 1R &RQQHFWLRQ 3RRO 	 QR &DFKLQJ $ GDWDEDVH FRQQHFWLRQ ZDV DOORFDWHG ZLWK
HYHU\ GDWDEDVH KLW DQG UHOHDVHG DIWHU WKH GDWDEDVH TXHU\ UHWXUQV  7KH TXHU\












5 5 5 5 5 5 5 5 5 5 5 5
$OLVWRI$OO9RGDIRQH3URPRWLRQ7\SHV            
$OLVWRI$SURPRWLRQ7\SH'HWDLOV            

















 7KHUH LV D QRWLFHDEOH LPSURYHPHQW IURP UXQ QR FRQQHFWLRQ SRRO DQG QR
FDFKLQJWRUXQFRQQHFWLRQSRRODQGQRFDFKLQJ +RZHYHU WKH LPSURYHPHQW
IURPUXQWRUXQFRQQHFWLRQSRRODQGFDFKLQJLVQRWDVODUJH
 7KURXJKSXW ODWHQF\ DQG UHVSRQVH WLPH DUH GUDPDWLFDOO\ PXFK EHWWHU IRU WKH
IRXUWKUXQVWDWLFKWPOWKDQDQ\RWKHUUXQ





VROXWLRQV XVHG WR RSWLPL]H WKH SHUIRUPDQFH DUH JHQHUDOO\ HIIHFWLYH  0RUHRYHU
LPSOHPHQWLQJDFRQQHFWLRQSRROZLWKRXWLPSOHPHQWLQJFDFKLQJFDQEHVXIILFLHQWLIWKH
GDWDEDVH 64/ VWDWHPHQWV DUH IDVW HQRXJK  +RZHYHU LPSOHPHQWLQJ D FDFKLQJ
VROXWLRQFDQVKRZ LPSURYHPHQWEXW LWGRHVQRWPHDQWKDWWKHGDWDEDVHFRQQHFWLRQ
SRROVKRXOGQRWEHLPSOHPHQWHGVLQFHWKHFDFKHZLOOEHUHIUHVKHGDQGWKHDSSOLFDWLRQ
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8.2.3 Load Testing 
$ WHVW HQYLURQPHQW ZDV HVWDEOLVKHG DV GHVFULEHG LQ $SSHQGL[ '  DQG D ORDG
WHVWLQJXWLOLW\ZDVXVHGWRLPSRVHYLUWXDOXVHUVRYHUWKHZHEDSSOLFDWLRQV7KHXWLOLW\
XVHGLVGHVFULEHGLQPRUHGHWDLOVLQ$SSHQGL[(/RDGWHVWLQJUHVXOWVZHUHJDWKHUHG
IURP WKH WHVWLQJ WRRO DQG WKH ZHE DSSOLFDWLRQ VHUYHU  7KHVH UHVXOWV DUH OLVWHG LQ




TXHU\ UHVXOW ZDV DOZD\V IHWFKHG IURP WKH GDWDEDVH DV ZHOO 7KLV VFHQDULR
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 7KHIRXUWKVFHQDULRH[SHULHQFHGVRPHIDLOXUHVIRUDQGXVHUV
7KH DQDO\VLV RI WKH DERYH SRLQWV DQG WKH GDWD LQ 7DEOH  VKRZ WKDW D
FRQQHFWLRQ SRRO VROXWLRQ LV DPXVW HVSHFLDOO\ ZKHQ WKH QXPEHU RI XVHUV LQFUHDVHV
RWKHUZLVH WKH XVHUV ZLOO DOZD\V H[SHULHQFH EDG ODWHQF\ DQG UHVSRQVH WLPH DV LQ
)LJXUH  DQG )LJXUH   0RUHRYHU D FRQQHFWLRQ SRRO VROXWLRQ LV HQRXJK IRU DQ
HQYLURQPHQWWKDWKDVDORZQXPEHURIXVHUV+RZHYHURWKHUVROXWLRQVOLNHFDFKLQJ





7KURXJKSXW $YJ/DWHQF\VHF $YJ5HVSRQVH7LPHVHF 5HOLDELOLW\
Over All Avg. S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 
8VHU                
8VHUV                
8VHUV                
8VHUV                


























































2Q WKH RWKHU KDQG WKH VHUYHU VLGH DQDO\VLV GLG QRW VKRZ VHUYHU PHPRU\
XWLOL]DWLRQZRUN7KLVLVPDLQO\GXHWRWKHQDWXUHRIWKHDSSOLFDWLRQVHUYHUZKLFKLV
EDVHG RQ -DYD -DYD JDUEDJH FROOHFWLRQ SROLF\ ZRUNV DV D OD]\ SURFHVV ZKHUH
PHPRU\ LV DOORFDWHGZKHQ QHHGHG  +RZHYHU WKH&38XWLOL]DWLRQ KDV VKRZQ VRPH
QRWLFHDEOH FKDQJH DV D UHVXOW RI WKH ORDG WHVWLQJ  )LJXUH  VKRZV WKDW WKH &38
XWLOL]DWLRQ IRU WKH ILUVW VFHQDULR  ,W LVPDLQO\ EHFDXVH HYHU\ YLUWXDO XVHUZDV YHU\
EXV\ UHWULHYLQJDSDJH WKDW WDNHVDYHU\ ORQJ WLPH WRGRZQORDGZKLFK OHIW WKH&38
LGOH ZLWK DOPRVW QR ZRUN  +RZHYHU WKH FDVH ZDV GLIIHUHQW ZLWK WKH RWKHU WKUHH
VFHQDULRVZKHUH&38XWLOL]DWLRQZDV LQ WKHQRUPDOGLVWULEXWLRQVKDSH $VVKRZQ LQ
)LJXUHWKHIRXUWKVFHQDULRVWDWLFSDJHVKDVWKHORZHVW&38XWLOL]DWLRQEHKDYLRU
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
- 124 - 




































































$ ODUJH YDOXH IRU ,2ZDLWLQJ LV D EDG LQGLFDWRU IRU WKH DSSOLFDWLRQEHFDXVH LW
PHDQV WKDW WKHSURFHVV LV LGOHGXH WREORFNDJH LQ ,2 7KHVHFRQGVFHQDULRZKLFK
PDGH WKH KLJKHVW IOXFWXDWLRQ LQ ,2 ZDLWLQJ WLPH FXUYH GXH WR WKH IDFW WKDW WKH
WKURXJKSXW ZDV KLJK DQG WKH KLWV WKDW ZHUH QRW VHUYHG GLUHFWO\ ZLWK D GDWDEDVH




KLJK WKURXJKSXW DQG WKH OLPLWHG FRQQHFWLRQV DOORZHG E\ WKHZHE VHUYHUPDGH WKH




WKHPD[LPXPXWLOL]DWLRQ RI WKH &38 EHFDXVH WKH\ DUH VHUYHGZLWK WKH LQIRUPDWLRQ
GLUHFWO\+RZHYHUWKHVHFRQGVFHQDULRLVVHUYHGIURPWKHPHPRU\GLUHFWO\EXWWKH
IRXUWK VFHQDULR LV VHUYHG IURP WKH ILOHVRQ WKHGLVN 7KHGDWDEDVHFRQQHFWLRQSRRO
ZDVWHV &38 F\FOHV EHFDXVH WKH XVHUV KDG WR ZDLW IRU FRQQHFWLRQV RU WKH\ KDG WR
DFTXLUHQHZFRQQHFWLRQV
7RVXPXSLIRQHZDQWVWRDFKLHYHWKHEHVWSHUIRUPDQFHIRUDGDWDEDVHGULYHQ
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& K D S W H U   
6800$5<$1'&21&/86,21
7KH DLP RI WKLV UHVHDUFK ZRUN ZDV WR VXJJHVW D QXPEHU RI HVVHQWLDO GHVLJQ
SDWWHUQV DQG D SDWWHUQ ODQJXDJH WKDW KDQGOHVSHUIRUPDQFHSUREOHPV IRU GDWDEDVH
GULYHQZHEDSSOLFDWLRQV7KHHPSKDVLVLVWRVKRZWKHLPSRUWDQFHRIGHVLJQSDWWHUQV
DQG WKHLU XVH DV VWDQGDORQHGHVLJQV DQGZLWK RWKHU WHFKQRORJLHV OLNH IUDPHZRUNV
7KHVXJJHVWHGGHVLJQSDWWHUQVLQWKLVVWXG\DUHPHDQWWRKHOSLQVROYLQJSHUIRUPDQFH
SUREOHPV EUHDNLQJ GRZQ GDWDEDVH 64/ VWDWHPHQWV FRPSOH[LWLHV DV ZHOO DV
PRQLWRULQJ UHVRXUFH XWLOL]DWLRQ  7KH\ FRXOG EH DSSOLHG DV ZHOO LQ QRUPDO GHVNWRS
DSSOLFDWLRQV+RZHYHUIURPH[SHULHQFHWKH\DUHYHU\HIIHFWLYHRQZHEDSSOLFDWLRQV
ZKHUHWKHFXVWRPHUORDGLVPRVWSUREDEO\XQNQRZQ,WLVYHU\LPSRUWDQWWRPHQWLRQ
KHUH WKDW SHUIRUPDQFH LVVXHVPXVW EH DGGUHVVHG DV HDUO\ DV WKH GHVLJQ SKDVH RU
HYHQHDUOLHU DQG LW LV QRW HQRXJK WR WXQHVRPHSDUDPHWHUVDIWHU WKHGHYHORSPHQW
SKDVHWRJHWWKHUHTXLUHGSHUIRUPDQFH
9.1 Research Conclusion 
6WXG\LQJZHEDSSOLFDWLRQVLQGHWDLOVZLWKLQWKHFRQWH[WRIDFHUWDLQRUJDQL]DWLRQ
VKRZV WKDW LW LV WKHZHE DSSOLFDWLRQ WKDW YDULHVZKHUH WKHZHE VHUYHU DSSOLFDWLRQ
VHUYHUDQGGDWDEDVHDUHDOOSURGXFWVWKDWKDYHEHHQWHVWHGDQGYHULILHG3UREOHPV
DULVHPRVW RI WKH WLPH IURP WKH DSSOLFDWLRQ LWVHOI DQG LWVPLVXVH RI WKH DYDLODEOH
UHVRXUFHV





H[DPSOH LI GHYHORSHUV SURSHUO\ XVH FRQQHFWLRQ SRROLQJ WKURXJKRXW D
SURMHFWWKHQHVWDEOLVKLQJDFRQQHFWLRQZLWKDGDWDEDVHZLOOQRWEHEODPHG
IRUGHOD\
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 +LJKO\ DFFHVVHG G\QDPLF SDJHV FDQ EH FRQYHUWHG WR VWDWLF YHUVLRQV LI




IUDPHZRUN WKDW LV WDLORUHG IRU ZHE DSSOLFDWLRQV  $FWXDOO\ WKH VXJJHVWHG SDWWHUQ
ODQJXDJH LQ WKLV UHVHDUFK FDQ WKHQ EH XVHG WR GRFXPHQW WKH IUDPHZRUN¶V
SHUIRUPDQFHLVVXHV2ULWFDQEHFRPHWKHQXFOHXVRIDQHZIUDPHZRUNWKDWIRFXVHV
RQZHEDSSOLFDWLRQV




 'HFRXSOLQJ 'DWDEDVH 64/ 6WDWHPHQWV IURP $SSOLFDWLRQV$Q DSSOLFDWLRQ FDQ EH
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
Appendix A  UML Notations 
 
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV
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 7\SH2I6HUYHU  ,I\RXDUHSHUIRUPDQFHWXQLQJ\RXUVHUYHUPDNHVXUH LW LV
VHWWR6WDQGDORQH7KLVLVWKHFXUUHQWGHIDXOWEXWGRXEOHFKHFNMXVWWREHVXUH






























VWUHVVHG WKH6WDUW6HUYHUV VHWWLQJRQO\ DSSOLHV DW VWDUWXS ,I \RX UHVWDUW\RXU
:HEVHUYHUD ORW LW LVDJRRG LGHD WRVHW WKLVQXPEHU UHDVRQDEO\KLJKVR WKDW







\RXU UHVRXUFHV ZKHQ \RX GRQ
W QHHG WKHP /HDYH WKLV VHWWLQJ DW WKH GHIDXOW










FRPIRUWDEOH ZLWK DQG \RXU SHUIRUPDQFH GHJUDGHV XVH WRS RU DQ HTXLYDOHQW
SURJUDP WR ORRN DW &38 DQG PHPRU\ XVDJH <RX PD\ QHHG WR XSJUDGH \RXU
KDUGZDUH
 0D[&OLHQWV  6R \RX FKDQJHG DOO WKH SUHYLRXV VHWWLQJV DQG QRWKLQJ
KDSSHQHG":HOO WKLVVHWWLQJ LV WKHRYHUORUGRIFKLOGSURFHVVHV,WFRQWUROV WKH
PD[LPXPQXPEHURIFKLOGUHQWKDWFDQEHUXQQLQJDWDQ\RQHWLPH'RQRWGURS
WKLVQXPEHUWRRORZEHFDXVHWKHVHUYHUZLOOUHMHFWFRQQHFWLRQVZKHQWKLVQXPEHU
RI FRQQHFWLRQV LV UHDFKHG 7KH GHIDXOW LV  &RQVLGHU UDLVLQJ LW LI \RX KDYH
&DSWXULQJ'HVLJQ3DWWHUQVIRU3HUIRUPDQFH,VVXHVLQ'DWDEDVH'ULYHQ:HE$SSOLFDWLRQV




GRZQ LI WKH VHUYHU JRHVZLOG 6RPDNH VXUH WKLV YDOXH LV QRW VR KLJK WKDW \RX
FDQQRW ORJ LQ LI LW LV HYHU UHDFKHG .HHS WKH GHIDXOW XQOHVV \RX NQRZ WKDW
FRQQHFWLRQGHQLHGLVVRPHWKLQJ\RXUFXVWRPHUVDUHVHHLQJRFFDVLRQDOO\
 0D[5HTXHVWV3HU&KLOG  7KLV VHWWLQJ GHWHUPLQHV WKH QXPEHU RI VHSDUDWH
UHTXHVWV WKH VHUYHU KDQGOHV EHIRUH LW EHFRPHV REVROHWH ,W VKRXOG EH VHW WR D
UHDVRQDEO\ KLJK QXPEHU /LNH0D[.HHS$OLYH5HTXHVWV WKLV VHWWLQJ LV XVHIXO
EHFDXVHLWNHHSV\RXUV\VWHPIURPUXQQLQJRXWRIUHVRXUFHVLIWKHUHLVDSUREOHP
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7KH SURV DQG FRQV RI WKH SDWWHUQ ODQJXDJH ZLOO DSSHDU FOHDUO\ DIWHU FKHFNLQJ WKH
FRRSHUDWLRQ RI WKH GLIIHUHQW GHVLJQ SDWWHUQV  7KLV FDQ EH VHHQ DV DQ LQWHJUDWLRQ
WHVWLQJDOWKRXJKWKHUHPD\EHQRFOHDUGLYLVLRQRIWKHLQWHJUDWHGPRGXOHV
$ FRPPHUFLDO HQYLURQPHQW LV VXJJHVWHG KHUH DV WKH WHVW EHQFK  9RGDIRQH
(J\SW ZHEVLWH ZZZYRGDIRQHFRPHJ LV VHOHFWHG WR EH WKH WHVW EHQFK  9RGDIRQH
(J\SWZHEVLWHVDWLVILHVWKHUHTXLUHGWRROVDQGLWKDVDYHU\JRRGGHVLJQRQWKHOHYHO
RI WKH DSSOLFDWLRQ RU WKH GDWDEDVH  6HOHFWLQJ DQ H[LVWLQJ DSSOLFDWLRQ DV WKH WHVW
EHQFK PDNHV WKH WHVWLQJ UHVXOWV UHODWHG PRVWO\ WR WKH GHVLJQ SDWWHUQV ZLWKRXW
IRFXVLQJ RQ WKH WHVWLQJ HQYLURQPHQW SUREOHPV  7KH SXUSRVH LV QRW WR WHVW WKH
9RGDIRQHZHEVLWHEXWWRVKRZWKHEHQHILWVRIWKHVXJJHVWHGSDWWHUQODQJXDJHIRUD
FRPPHUFLDO ZHE DSSOLFDWLRQ  6R WHVWLQJ ZLOO LJQRUH DQ\ EXVLQHVV ORJLF DQG ZLOO
PDLQO\FRQFHQWUDWHRQWKHV\VWHPEHIRUHDQGDIWHUDSSO\LQJWKHSDWWHUQODQJXDJH.




WHVWLQJ HQYLURQPHQW IRU ZHE DSSOLFDWLRQV  ,W XVHV WKH UDSLG DSSOLFDWLRQ
GHYHORSPHQW 5$' WR EXLOG -DYD DSSOLFDWLRQV VHUYOHWV DSSOHWV DQG MDYD
EHDQV>72+)@
 :HE6SKHUH6WXGLR ,WLVXVHGWRGHYHORS+70/DQG-63SDJHV
 80/ ,W LVXVHGWRGHSLFWWKHGHVLJQSDWWHUQQRWDWLRQV7KH8QLILHG0RGHOLQJ
/DQJXDJH80/LVWKHVWDQGDUGODQJXDJHQRZDGD\VIRUGHVLJQLQJYLVXDOL]LQJ
GRFXPHQWLQJ VRIWZDUH  7KLV QRWDWLRQ LV IOH[LEOH HQRXJK WR GHVLJQ HYHQ D
GDWDEDVH ZKLFK KHOSV LQ EULGJLQJ WKH JDS EHWZHHQ WKH GHYHORSHUV DQG WKH
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 -'. -DYD 'HYHORSPHQW .LW  ,W LV XVHG DV WKH LPSOHPHQWDWLRQ
ODQJXDJH-DYDLVFXUUHQWO\YHU\ZLGHVSUHDGLQWKHLQWHUQHWFRPPXQLW\IRULWV
QHWZRUNIOH[LELOLW\DQGLWVLQQRYDWLYHVROXWLRQVOLNHDSSOHWV>-$9$@
 -63  ,W LV XVHG WR GHYHORS WKH G\QDPLF SDJHV IRU WKHZHE DSSOLFDWLRQ
-DYD 6HUYHU 3DJHV -63 DUH OLNH +70/ SDJHV EXW WKH\ SURYLGH G\QDPLF






 :HE6SKHUH $SSOLFDWLRQ 6HUYHU $GYDQFHG (GLWLRQ  7KLV LV WKH
DSSOLFDWLRQ VHUYHU WKDW KRVWV WKH ZHE DSSOLFDWLRQ   ,W LV D MDYD EDVHG
DSSOLFDWLRQWKDWVXSSRUWVVHUYOHWV-63;0/DQG(-%VWHFKQRORJ\
 ,%0+7736HUYHU ,WLVDZHEVHUYHUWKDWLVEDVHGRQ$SDFKH$SDFKHLVWKH
PRVW ZLGHVSUHDG ZHE VHUYHU LQ WKH ZRUOG  ,W LV EXQGOHG ZLWK :$6
:HE6SKHUH$SSOLFDWLRQ6HUYHU
 :LQGRZVLVXVHGDVWKHSODWIRUPIRUWKHFOLHQWFRQQHFWLRQV
5. IE6 is used as the testing browser. 
6. A Unix machine with dual processors and 2GB memory running on Solaris 2.6 is 
used to host WebSphere Application Server 3.5.6. 
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Appendix E  Load Testing Utility Source Code 
7KLVWHVWLQJXWLOLW\LVEXLOWIXOO\LQ-DYD,WFRQVLVWVPDLQO\RIWZRFODVVHVDQG
RQH SURSHUW\ ILOH ZKHUH FRQILJXUDWLRQV DUH VDYHG  7HVWHUMDYD LV UHVSRQVLEOH IRU
UHDGLQJWKHSURSHUWLHVILOHDQGORDGLQJLWVFRQILJXUDWLRQVFUHDWLQJYLUWXDOXVHUVDQG
JHQHUDWLQJ WKH UHSRUW  85/5XQMDYD LV D YLUWXDO XVHU WKDW NHHSV FDOOLQJ WKH SDJHV
VSHFLILHG LQ WKH SURSHUWLHV ILOH DQG DFFXPXODWH VWDWLVWLFV DERXW LWV XVDJH
7HVWHUSURSHUWLHVLVXVHGWRVSHFLI\WKHORDGWHVWLQJGXUDWLRQLQPLQXWHVWKHQXPEHU
RIXVHUV WR UXQDQG WKHSDJHV WREHFDOOHG 3OHDVH UHIHU WR$SSHQGL[&  IRUPRUH
LQIRUPDWLRQRQ-DYDQDPLQJFRQYHQWLRQV7KHFRPPDQGXVHGWRUXQWKHORDGWHVWLQJ
XWLOLW\LV
java -cp .;<jar file path> Tester 
Sample Report 
Users ran concurrently for at least 1 minutes 
Number of users = 1 
Start Time = Sat Nov 01 15:24:15 EET 2003 
End Time = Sat Nov 01 15:25:15 EET 2003 
Number of test pages = 2 
------------------------------------------ 




Total number of requests = 455 
Failed requests = 0 
Total successful response/download time = 13.99 seconds. 
Total successful latency time = 7.931 seconds. 
Average response Time (total success response time / (No. of requests - No. of request 
errors)) = 0.03074725274725275 seconds 
Average latency Time (total success latency time / (No. of requests - No. of request 




Total number of requests = 454 
Failed requests = 0 
Total successful response/download time = 45.939 seconds. 
Total successful latency time = 22.909 seconds. 
Average response Time (total success response time / (No. of requests - No. of request 
errors)) = 0.10118722466960352 seconds 
Average latency Time (total success latency time / (No. of requests - No. of request 
errors)) = 0.05046035242290749 seconds 
 
------------------------------------------------------------------------------ 
total requests = 909 
total failed requests = 0 
Failed ration % = 0.0 
total request time = 59.929 sc 
Average latency time per page (total response time/(total requests - total failed 
requests)) = 0.03392739273927393 sc 
Average response/download time per page (total request time/ (total requests - total 
failed requests)) = 0.06592849284928493 sc 
Tester.properties 
# number of users to go on with the test 
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usersCount=1 











 * The test manager.  It is responsible for creating the virtual users.  It loads also the 
pages 
 * that will be called by the user. 
 * @author: Osama Mabrouk 
 */ 
public class Tester extends Thread { 
 public static Boolean finished = new Boolean(true); 
 ResourceBundle rs = null; 
 /** The number of users that will run the test */ 
 private int usersCount = -1; 
 /** sequences of pages to test */ 
 private String[] pages = null; 
 /** duration of testing in seconds */ 
 private int duration = -1; 
 java.util.Date startTime = null; 
 java.util.Date endTime = null; 
 
public Tester() { 
 super(); 
 try { 
 String time = new Date().toString(); 
 time = time.replace(’:’, ’_’); 
 File f = new File("report_" + time + ".txt"); 
 f.createNewFile(); 
 PrintStream out = new PrintStream(new FileOutputStream(f)); 
 System.setOut(out); 
 } catch (FileNotFoundException e) { 
 e.printStackTrace(); 




rs = ResourceBundle.getBundle("Tester"); 
 /** The number of users that will run the test */ 
 usersCount = Integer.parseInt(rs.getString("usersCount")); 
 /** sequences of pages to test */ 
 Enumeration keys = rs.getKeys(); 
 String key = null; 
 Vector v = new Vector(); 
 while (keys.hasMoreElements()) { 
 key = (String) keys.nextElement(); 
 if (key.indexOf("page") != -1) 
 v.add(rs.getString(key)); 
 } 
 pages = new String[v.size()]; 
 for (int i = 0; i < v.size(); i++) { 
 pages[i] = (String) v.get(i); 
 } 
 /** duration of testing in seconds */ 
 duration = Integer.parseInt(rs.getString("duration")); 
 } 
 
public int getDuration() { 
 return duration * 1000 * 60; 
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 } 
 
public java.lang.String[] getPages() { 
 return pages; 
 } 
 
public int getUsersCount() { 
 return usersCount; 
 } 
 
public static void main(String[] args) { 
 




private void report(URLRun[] user) { 
 double[] singlePageAvgTime = new double[pages.length]; 
 double totalRequestTime = 0; 
 double[] singlePageResponseTime = new double[pages.length]; 
 double totalResponseTime = 0; 
 int[] singlePageNumOfLoadTrials = new int[pages.length]; 
 int totalRequests = 0; 
 int[] singlePageNumOfErrors = new int[pages.length]; 
 int totalErrors = 0; 
 double pageAvgTime = 0; 
 for (int i = 0; i < user.length; i++) { 
 for (int j = 0; j < singlePageAvgTime.length; j++) { 
 singlePageAvgTime[j] += user[i].getPageAvgLoadTime()[j]; 
 singlePageNumOfLoadTrials[j] += user[i].getNumberOfLoads()[j]; 
 singlePageNumOfErrors[j] += user[i].getPageError()[j]; 




System.out.println("Users ran concurrently for at least " + getDuration() / (1000 
* 60) + " minutes"); 
 System.out.println("Number of users = " + getUsersCount()); 
 System.out.println("Start Time = " + startTime); 
 System.out.println("End Time = " + endTime); 
 System.out.println("Number of test pages = " + pages.length); 
 System.out.println("------------------------------------------"); 
 System.out.println("Details on every page"); 
 System.out.println("---------------------"); 
 
for (int i = 0; i < pages.length; i++) { 
 System.out.println("page (" + pages[i] + ")"); 
 System.out.println("--------------------------------"); 
 System.out.println("Total number of requests = " + 
singlePageNumOfLoadTrials[i]); 
 System.out.println("Failed requests = " + singlePageNumOfErrors[i]); 
 System.out.println("Total successful response/download time = " + 
singlePageAvgTime[i] / 1000 + " seconds."); 
 System.out.println("Total successful latency time = " + 
singlePageResponseTime[i] / 1000 + " seconds."); 
 double avgTime = (singlePageAvgTime[i] / 1000) / (singlePageNumOfLoadTrials[i] 
- singlePageNumOfErrors[i]); 
 double avgLatency = (singlePageResponseTime[i] / 1000) / 
(singlePageNumOfLoadTrials[i] - singlePageNumOfErrors[i]); 
 System.out.println( 
 "Average response Time (total success response time / (No. of requests - 
No. of request errors)) = " 
 + avgTime 
 + " seconds"); 
 System.out.println( 
 "Average latency Time (total success latency time / (No. of requests - No. 
of request errors)) = " 
 + avgLatency 
 + " seconds"); 
 System.out.println(); 
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 } 
 
for (int i = 0; i < pages.length; i++) { 
 totalRequestTime += (singlePageAvgTime[i] / 1000); 
 totalResponseTime += (singlePageResponseTime[i] / 1000); 
 totalRequests += singlePageNumOfLoadTrials[i]; 





 System.out.println("total requests = " + totalRequests); 
 System.out.println("total failed requests = " + totalErrors); 
 System.out.println("Failed ration % = " + ((float) totalErrors / (float) 
totalRequests) * 100); 
 
System.out.println("total request time = " + totalRequestTime + " sc"); 
 System.out.println( 
 "Average latency time per page (total response time/(total requests - total 
failed requests)) = " 
 + totalResponseTime / (totalRequests - totalErrors) 
 + " sc"); 
 System.out.println( 
 "Average response/download time per page (total request time/ (total requests 
- total failed requests)) = " 
 + totalRequestTime / (totalRequests - totalErrors) 
 + " sc"); 
 } 
 public void run() { 
 URLRun[] user = new URLRun[getUsersCount()]; 
 
try { 
 for (int i = 0; i < getUsersCount(); i++) { 
 user[i] = new URLRun(getPages()); 
 user[i].setDaemon(true); 
 } 
 startTime = new java.util.Date(); 
 System.err.println(startTime); 
 for (int i = 0; i < getUsersCount(); i++) { 
 user[i].start(); 
 } 




 // sleep for one minute until all threads are killed 
 while (URLRun.getCurrentRunsCount() > 0) { 
 try { 
 Thread.currentThread().sleep(500); 
 System.err.println("Total users =" + URLRun.getCurrentRunsCount()); 




endTime = new java.util.Date(); 
 





public void setDuration(int newDuration) { 
 duration = newDuration; 
 } 
 
public void setPages(java.lang.String[] newPages) { 
 pages = newPages; 
 } 
 
public void setUsersCount(int newUsersCount) { 
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 * A virtual User 
 * @author: Osama Mabrouk 
 */ 
public class URLRun extends Thread { 
 private String[] pages = null; 
 private double[] pageAvgLoadTime = null; 
 private double[] pageResponseTime = null; 
 private int[] pageError = null; 
 public static Boolean running = new Boolean(true); 
 private int[] numberOfLoads = null; 
 static public int currentRunsCount = 0; 
 




public URLRun(String[] pages) { 
 super(); 
 this.pages = pages; 
 pageAvgLoadTime = new double[pages.length]; 
 pageError = new int[pages.length]; 
 numberOfLoads = new int[pages.length]; 
 pageResponseTime = new double[pages.length]; 
 setCurrentRunsCount(getCurrentRunsCount() + 1); 
 
}




public URLRun(Runnable target, String name) { 
 super(target, name); 
 } 
 




public URLRun(ThreadGroup group, Runnable target) { 
 super(group, target); 
 } 
 
public URLRun(ThreadGroup group, Runnable target, String name) { 
 super(group, target, name); 
 } 
 
public URLRun(ThreadGroup group, String name) { 
 super(group, name); 
 } 
 
synchronized public static int getCurrentRunsCount() { 
 return currentRunsCount; 
 } 
 
public int[] getNumberOfLoads() { 
 return numberOfLoads; 
 } 
 
public double[] getPageAvgLoadTime() { 
 return pageAvgLoadTime; 
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 } 
 
public int[] getPageError() { 
 return pageError; 
 } 
 
public double[] getPageResponseTime() { 
 return pageResponseTime; 
 } 
 
public static boolean isRunning() { 
 return running.booleanValue(); 
 } 
 public void run() { 
 URL url = null; 
 long startUrlTime = 0; 
 long endResponseTime = 0; 
 long endUrlTime = 0; 
 InputStream input = null; 
 byte[] bytes = null; 
 // continue loading as long as running is true 
 while (isRunning()) { 
 
// go over the pages one by one 
 for (int i = 0; i < pages.length && isRunning(); i++) { 
 try { 
 startUrlTime = System.currentTimeMillis(); 
 url = new java.net.URL(pages[i]); 
 input = url.openConnection().getInputStream(); 
 endResponseTime = System.currentTimeMillis(); 
 bytes = new byte[1000]; 
 




 endUrlTime = System.currentTimeMillis(); 
 pageResponseTime[i] = pageResponseTime[i] + (endResponseTime - 
startUrlTime); 
 pageAvgLoadTime[i] = pageAvgLoadTime[i] + (endUrlTime - startUrlTime); 
 } catch (java.net.MalformedURLException e) { 
 pageError[i]++; 
 System.err.println(url.toString() + " " + e); 
 } catch (IOException e) { 
 pageError[i]++; 
 System.err.println(url.toString() + " " + e); 
 
} catch (Exception e) { 
 pageError[i]++; 
 System.err.println(url.toString() + " " + e); 
 } catch (Throwable e) { 
 pageError[i]++; 
 System.err.println(url.toString() + " " + e); 






 setCurrentRunsCount(getCurrentRunsCount() - 1); 
 } 
 
synchronized public static void setCurrentRunsCount(int newCurrentRunsCount) { 
 currentRunsCount = newCurrentRunsCount; 
 } 
 
public void setNumberOfLoads(int[] newNumberOfLoads) { 
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 public void setPageAvgLoadTime(double[] newPageAvgLoadTime) { 
 pageAvgLoadTime = newPageAvgLoadTime; 
 } 
 
public void setPageError(int[] newPageError) { 
 pageError = newPageError; 
 } 
 
public void setPageResponseTime(double[] newPageResponseTime) { 
 pageResponseTime = newPageResponseTime; 
 } 
 
public static void setRunning(boolean newRunning) { 
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VHF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VHF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8VHU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6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
/LVW$OO9RGDIRQH
3URPRWLRQ7\SHV
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7KURXJKSXW $YJ/DWHQF\VHF $YJ5HVSRQVH7LPHVHF 5HOLDELOLW\3DJH8VHU
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
/LVW$OO9RGDIRQH
3URPRWLRQ7\SHV
               
/LVW$SURPRWLRQ7\SH
'HWDLOV
  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7KURXJKSXW $YJ/DWHQF\VHF $YJ5HVSRQVH7LPHVHF 5HOLDELOLW\3DJH8VHU
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
/LVW$OO9RGDIRQH
3URPRWLRQ7\SHV
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7KURXJKSXW $YJ/DWHQF\VHF $YJ5HVSRQVH7LPHVHF 5HOLDELOLW\3DJH8VHU
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
/LVW$OO9RGDIRQH
3URPRWLRQ7\SHV
               
/LVW$SURPRWLRQ7\SH
'HWDLOV
  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Time S1 S2 S3 S4 
0 0.1 2.6 0.1 0.1 
2 0.1 4.2 3.7 4.7 
4 0.1 12 11.6 13.5 
6 0.1 20 18.5 19.5 
8 0.6 27 24 25.4 
10 0.8 33 29.3 30.9 
12 1.2 38 34 35 
14 1.3 42 38 38.5 
16 1.5 45 41.6 41.9 
18 1.6 48 44.7 43.9 
20 1.6 51 46.7 44.6 
22 2 53 48.5 46.9 
24 2.2 55 49.9 47.7 
26 2.3 56 50.4 49.8 
28 3 56 51.6 51.3 
30 3 57 52.8 52.4 
32 3.1 58 53.8 53.1 
34 3.2 59 54.7 52.6 
36 3.3 60 55.6 52.8 
38 3.3 60 56.1 52.9 
40 3.2 61 56.7 52.6 
42 3.2 61 48 48.4 
44 3 56 40.4 40.7 
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Time S1 S2 S3 S4 
0 0 34 0 0 
2 0 2 0 0 
4 0 2 0 0 
6 0 4 0 0 
8 0 14 0 0 
10 0 1 0 0 
12 0 3 0 0 
14 2 9 0 0 
16 0 4 0 0 
18 0 4 0 0 
20 0 1 0 0 
22 0 1 0 0 
24 0 5 0 1 
26 0 16 0 0 
28 0 4 0 0 
30 1 2 0 0 
32 0 3 0 1 
34 2 3 0 0 
36 0 3 0 2 
38 0 2 0 10 
40 0 8 0 17 
42 0 2 0 0 
44 0 32 0 N/A 
46 0 37 0 N/A 
48 0 19 0 N/A 
50 0 0 0 N/A 
52 0 0 0 N/A 
54 1 1 0 N/A 
56 1 0 0 N/A 
58 0 2 0 N/A 
60 0 0 0 N/A 
62 0 34 0 N/A 
64 0 35 0 N/A 
66 0 43 0 N/A 
68 0 22 0 N/A 
70 0 13 0 N/A 
72 2 30 0 N/A 
74 0 35 0 N/A 
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